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INTRODUCTION 
Soil is a natural body consisting of a mixture of organic 
and inorganic material which gives mechanical support to land 
plants and provides part of the sustenance for these plants. 
The organic fraction of soils consists of undecayed and 
partially decayed plant parts, highly decayed organic material 
called humus, animal excreta and remains, and living and dead 
microorganisms. The living microorganisms in the soil cause 
the soil organic fraction to be in a continual state of flux 
by decomposing plant and other organic material to form humus 
and by continually altering the humus. 
In the course of their activity, soil microorganisms 
transform carbon, nitrogen, phosphorus and other elements from 
the organic form to the inorganic form, a process called 
mineralization. Countering mineralization is the process of 
immobilization in which microorganisms convert nutrient 
elements from inorganic to organic compounds. Many factors 
determine the net result of mineralization and immobilization 
at any given time. 
Nitrogen often becomes deficient for crop production 
and, along with carbon, has been the subject of numerous 
studies in connection with soil. The studies of nitrogen 
and carbon transformation in soil have revolved around plant 
residue decomposition, the factors affecting this decomposi­
tion, and the relationship between decomposition of plant 
2 
residues and native soil organic matter of humus. Through 
residue decomposition, nitrogen may be made available for 
plant uptake. 
Most of the work reported in the literature on decomposi­
tion and nitrogen release from organic materials has been of 
short duration in terms of time. There has been relatively 
little field work on the subject of plant residue decomposition 
that has extended over more than 1 or 2 years. The estimated 
long-term rates of decomposition of crop residues have been 
based on limited field data. 
The field portion of this study was initiated to test 
the validity of the current theory concerning the release of 
nitrogen from crop residues as a result of decomposition. 
Crop residues containing less than 1.3# nitrogen have been 
reported to cause net Immobilization of soil mineral nitrogen 
when these residues are added to a soil. This nitrogen 
immobilization could reduce crop yield on a residue treated 
soil. 
The laboratory work reported here was designed to measure 
the effects of the water-soluble fraction of a crop residue on 
the rate of decomposition of that residue. In addition, 
studies were made to examine the possibility that a calculated 
C-value based upon data from starch decomposition studies 
would provide an index of the available or readily decompos­
able portion of soil organic matter. 
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HISTORICAL 
Introduction 
Many factors affect the rate at which plant residues 
decompose in soil. Excellent reviews of earlier work on 
carbon and nitrogen transformations in soil were published 
in the 19%)'s (8, 23, 27, N-5, 53, 61, 90). Most of the 
information in these reviews was from laboratory studies ; 
very little information was from field studies. As a result, 
most of the examples in the following review will be from 
laboratory studies. 
Chemical Factors 
Total nitrogen content 
Early in this century, yield reduction following crop 
residue applications to soil were attributed to toxicity but 
were later found to be caused by nitrogen immobilization by 
microbes decomposing the residues (1). As a result, the 
total nitrogen content of crop residues added to soil has 
come to be considered by many as the determining factor in 
nitrogen immobilization and mineralization (59); 
Even with the recognition of the importance of the 
nitrogen content of the residues, no definite rules with 
general applications have evolved concerning the minimum 
nitrogen content that will permit mineralization of nitrogen 
from crop residues added to soil. The literature reports a 
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variable minimum of 1.1 to 2.0 percent of the dry weight of 
the residue which will prevent immobilization, but this 
depends on other qualities of the residue and on the environ­
ment during decomposition (4, 81 ,  89 ) .  
While the minimum nitrogen percentage which will permit 
mineralization is variable, a general pattern has appeared in 
laboratory studies. Work with different residues has tended 
to show that if the total nitrogen contents of the residues 
were less than 1.3 percent, a period of immobilization would 
occur, with the length of the immobilization period dependent 
upon the environment (89). In some instances, however, these 
generalizations have not applied. For example, Stewart (101) 
found that immobilization of nitrogen occurred upon addition 
of plant materials containing less than 2,% nitrogen. In 
the thirties, a "nitrogen factor" was proposed and was defined, 
for composts, as the quantity of inorganic nitrogen immobiliz­
ed by 100 grams of organic material during decomposition (83 ) .  
Time of incubation and other environmental factors were found 
to change the "nitrogen factor". Another nitrogen "rule-of-
thumb" proposed for use suggested that 30 pounds of nitrogen 
were required by the soil microorganisms to decompose 1 ton 
of residue (65)• 
Carbon-nitrogen ratio 
The CiN ratio of materials added to the soil has been 
called by many the controlling factor in determining net 
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immobilization or mineralization of nitrogen. For example, 
Norman (75) found that the C:N ratio of fungal tissues and 
the amount of nitrogen nitrified were closely correlated. 
Much work has been done on relating the carbon-nitrogen ratio 
to nitrogen transformations, even though work has shown that, 
for the ratio to be of value when different plant materials 
are compared, it must be corrected for lignin (86). In spite 
of the exceptions, some workers found that the carbon-nitrogen 
ratio is useful in determining the net effect of residues upon 
soil nitrogen (103). At a carbon-nitrogen ratio of less than 
15:1, net nitrification has been supposed to occur (27). On 
the other hand, where the carbon-nitrogen was 35:1 or more 
(<1.2# nitrogen), immobilization must have occurred, as 
evidenced by nitrogen deficiencies induced in crop plants 
upon the addition of crop residues to soil (8l). 
The carbon-nitrogen ratio of residues added to soil has 
often failed to provide a suitable index of the rate of 
decomposition and the transitory effects of the residue on 
soil nitrogen (33). 
Available carbon and nitrogen 
Many attempts have been made to evaluate various 
materials in terms of availability of nitrogen and carbon 
to soil microorganisms. The first really extensive work in 
this direction came from application of the proximate analysis 
'of Waksman and co-workers (106, 109). Ether, cold water, hot 
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water, alkali and acid extractions were used in this sequence 
on each sample to follow decomposition of residues in the 
absence or presence of soil. The conclusion was reached that 
the rapidity of decomposition of plant materials depended on 
the water-soluble constituents, nitrogen content, lignin 
content and other factors (107, 108). The various fractions 
determined by proximate analysis apparently were not incubated 
separately in soil to ascertain the independent effect of 
each fraction. 
In an extensive study with many different materials, 
such as crop residues, urea, sludges, and microbial and animal 
products, Whiting (112) concluded that the single most 
important factor influencing the initial rate of decomposition 
of most materials was the water-soluble nitrogen content, 
although cellulose could reduce nitrogen mineralization. 
Bedsole (11) found that the fraction of total nitrogen which 
was water soluble influenced the immobilizing effect of 
residues. Bedsole also found that, unless one third or 
more of the nitrogen in material containing more than 1.7# 
total nitrogen was soluble, immobilization would occur for 
at least 2 weeks after addition of the material to soil. The 
soluble-nitrogen effect may account for Stewart's (101) find­
ings that immobilization occurred when any plant material 
containing less than 2.5# nitrogen was added to soil. The 
length of the immobilization period may have been partially 
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dependent upon the environmental conditions imposed by the 
individual investigators. 
The use of water-solubility to explain the effects of 
residue on nitrogen transformations appeared to be a logical 
approach since water is a naturally occurring solvent and. is 
always present in arable soils. Table 1 presents a summation 
of the water-solubility data reported in the literature for 
various materials. The various percentages are not completely 
compatible because of different methods of extraction. 
Short-term immobilization of nitrogen has been found to 
result from the rapid decomposition of water-soluble carbon­
aceous material (25)• On the other hand, Allison and Anderson 
(2) found that total immobilization of nitrogen was greater 
where sawdust was added to soil than where straw was added. 
An explanation could be that the solubility of straw was 
greater than that of sawdust, and the initial rapid decomposi­
tion of the more soluble straw resulted in an immobilization 
period of relatively short duration. 
The carbon of straw is generally considered to be 
relatively unavailable when compared to that of a sugar such 
as glucose. Glucose is ordinarily used as a water-soluble 
carbon source in decomposition studies, and soil microbes 
usually have quickly decomposed this material. Nitrate 
added to soil with glucose is usually readily immobilized. 
For example, Gray and Taylor (50) added glucose to soil at 
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Table 1. Water-soluble fractions of various crop materials 
as reported in the literature 
Water soluble fraction 
Residue 
Dry 
matter 
Nitro­
gen 
Method of 
extraction Reference 
% % 
Red clover hay ko 0 cold H20 (57) 
Fresh alfalfa - Mf H20 + pressure (76) 
Young plants 40 - unknown (104) 
Mature plants 5 - unknown (104) 
Straw 
Alfalfa meal 
7.5 
15.4 
24 hour cold HgO 
following ether-
alcohol extraction 
(108) 
Sweet clover leaves -
33 1 
Sweet clover stems 
Sweet clover roots ; 37 87 \ unknown (112) 
Whole sweet clover - 67 „ 
Pine sawdust 3 0 * 
Alfalfa hay 23 11 » cold HgO (18) 
Wheat straw 8 30 
the rate of 2472 pounds of carbon per acre and KNO3 at the 
rate of 34 pounds of nitrogen per acre. The nitrate 
disappeared during the first 48 hours of incubation. The 
nitrate delayed the period of maximum carbon dioxide evolu­
tion by about 9 hours. Fungal counts increased after 
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bacterial numbers had reached a peak. 
Species of plant 
Residues from different species of plants have different 
decomposition patterns when added to soil. Deciduous forest 
residues decompose faster than residues from coniferous 
forests (60). Soybean straw has been found to decompose more 
rapidly than corn residue (54). Sokolov (97) found that 
residues of mixed species decomposed faster when added to 
soil than did the residue of a single specie. Martin (68) 
found that alfalfa roots and tops seemed to decompose faster 
than sweet clover roots and tops. Much of the difference 
among species in decomposition behavior may be a reflection 
of the composition. 
Maturity of plant 
The stage of maturity of the plant from which the 
residue was obtained has determined, in part, the chemical 
composition of the residue. Whiting (112) pointed out that 
young plants contain more water-soluble material than do 
mature plants. The quantity of water-soluble material 
contained could be a reason why mature plant material seemed 
to decompose more slowly than young plant materials, although 
the difference in rate of decomposition may have been due to 
the greater lignin content of mature plant material or to the 
higher nitrogen content of the immature plant material. 
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Only one study will be cited to point out the general 
observations made on the influence of stage of growth of 
residue upon decomposition and associated processes. 
Ghildyal and Gupta (49) applied hemp residue of varying 
stages of maturity to an alkaline soil at a rate of 5 parts 
of residue per 100 parts of soil. The proteins of the young 
plant material mineralized rapidly, resulting in loss of 
nitrogen, presumably by ammonia volatilization, and the pH 
of the soil dropped more than where mature plant material 
was added to the soil. Fungi and actinomycetes were more 
prevalent in soil treated with the mature material than with 
the young material. 
Environmental Factors 
Soil moisture 
The optimum soil moisture content for the decomposition 
of plant residues has been found to be approximately 60# of 
the soil moisture holding capacity (52). Nitrification and 
ammonification have been found to have the same optimum soil 
moisture content as decomposition although all three 
processes proceeded at diminished rates at moisture contents 
other than the optimum. It has been reported that ammonifica-
tion proceeds below the permanent wilting point of soil (53, 
84). The rate of residue decomposition at the permanent 
wilting point under some conditions has been found to be 
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approximately one-half of the rate at field capacity (9 ) .  
When plant residues are decomposed in composts, the optimum 
moisture content of the compost varies with the species of 
plant from which the residue came (10). 
Temperature 
There has been little work reported on the effect of 
temperature upon the rate of residue decomposition. The 
majority of studies on decomposition of residues have been 
made at a constant temperature between 25° C and 30° C, which 
is in the optimum range given by Bartholomew (9). Waksman 
and Gerretsen (10?) expressed the opinion that, after a few 
weeks of incubation, the rate of plant residue decomposition 
became temperature independent. Lignin has been found to 
decompose more rapidly at 35° C than at lower temperatures 
(105). 
In contrast to the lack of information on the effect of 
temperature on the rate of residue decomposition, several 
studies have been reported on the effect which temperature has 
had on nitrification. The optimum temperature for nitrifica­
tion has been found to be 27° to 35° C, although no sharp 
decreases in rate occurred until the temperature fell below 
20° C (46). Between 16° and 20° C, a two-degree change in 
temperature had a measureable effect on nitrification (78 ) .  
The temperature influence on rate of nitrification has been 
found to be modified by the population of nitrifiers, soil 
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pH, soil type, past soil treatment, and soil organic carbon 
content (90, 91). 
Acidity 
When plant residues have been added to soil, the pH of 
the soil-residue system has influenced the initial rate of 
decomposition, and soil acidity has changed as decomposition 
has progressed. Winsor and Long (114) demonstrated that pH 
decreased as nitrogen was mineralized, and pH increased when 
nitrogen was immobilized. Kirsch (64) found that sawdust 
mulch did not affect the soil pH unless ammonium sulfate had 
been applied with the sawdust. When residues decompose in 
acid soils, ammonium may accumulate as a result of the 
inhibition of nitrification by the acid conditions. 
The application of lime to an acid soil has been found 
to increase the rate of nitrification, to increase the rate 
of carbon dioxide evolution from soil and to decrease the 
length of the delay period in the microbiological response to 
residue addition (3, 39, 90, 113). Stephenson (99) found 
that ammonification was more rapid in the absence of lime 
but lime application increased nitrification. 
Rate of residue addition 
The quantity of residue added to the soil may influence 
the pattern of decomposition of the added residue. Broadbent 
and Bartholomew (28) stated that the normal addition of plant 
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residues and manure in the field seldom exceeded 2 tons per 
acre. Additions of this magnitude are too small to permit 
precise determination of the small changes which occur in 
soil nitrogen over time. Broadbent and Bartholomew (28) added 
plant residues at rates up to 320 tons per acre and followed 
decomposition in a continuously aerated, 35-day incubation 
where carbon dioxide evolution was used as a measure of 
decomposition. They found that the decomposition per unit 
of straw was inversely related to the rate of straw added. 
The maximum rate of carbon dioxide evolution occurred on about 
the fourth day of incubation. 
Drobnik (40) added glucose to soils at various rates. He 
found that the peak rate of disappearance occurred at a later 
time as he increased the quantity of glucose added to soil. 
Native'soil organic matter 
In recent years, the stimulatory effect on soil organic 
matter decomposition exerted by addition of crop residues to 
soil has received some attention. Tracer work has shown that 
addition of crop residues increased the mineralization of 
native soil organic nitrogen (29). The depleting effect of 
plant residues on soil organic matter was not a linear func­
tion of the amount of residue added. As the rate of residue 
addition increased, the loss of soil organic matter per gram 
of added residue decreased (53). Small frequent additions of 
residue appear to have caused greater loss of soil organic 
14 
matter than did large, infrequent additions (54). There is 
some question concerning the importance of the effect of 
residue addition upon soil organic matter loss when the total 
loss in relation to the supply was considered (80). 
Bingeman et al. (12) state that the influence of residue 
additions on soil organic carbon may have been due to the 
water-soluble constituents. They found that the complete 
alfalfa increased the loss of native soil carbon for 18 days 
after addition to the soil, while the insoluble fraction of 
alfalfa caused loss of soil carbon for 48 days. Their 
explanation was that "this is most likely due to depletion 
of available substrate in the native organic matter of the 
total soil. If true, it follows that the native soil organic 
matter is more available to the population built up by the 
addition of the insoluble fraction than to the one resulting 
from addition of the complete alfalfa". 
Size of residue particles 
One of the greatest differences between conditions used 
in the laboratory to study decomposition and the conditions 
naturally occurring in the field has been the size of residue 
particles added to soil. In the field, relatively large 
pieces of residue are plowed under, and these chunks of 
residue can be found in a layer covered by a certain amount 
of soil. In the laboratory, small quantities of soil 
generally are used and the residues are usually finely 
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ground and mixed with the soil. Most of the studies referred 
to in this review have utilized finely ground organic 
materials mixed thoroughly with the soil. Stickler and 
Frederick (102) found that less nitrogen immobilization 
occurred where large particles of residue were incorporated 
into soil. Sims (95) made an extensive study of the particle-
size effect and found that the maximum immobilization of 
nitrate nitrogen during decomposition decreased as particle 
size of cornstalk pith increased. 
Soil texture and type 
Another factor affecting carbon and nitrogen transforma­
tions which has not been adequately studied in the influence 
of soil texture upon rate of decomposition of residues added 
to soil. Bollen (17) found that varying soil texture, among 
other factors, helped control carbon dioxide evolution from 
residue applied to soils. It has been found that nitrifying 
organisms function on colloidal surfaces, so that soil texture 
may be instrumental in setting a characteristic nitrification 
pattern for a soil. Ensminger and Gieseking (43), among 
others, in studies of the interactions between soil organic 
matter and soil colloids, have found that mineral colloids 
reduced decomposition and retained carbon in the soil (5)« 
Pretreatment of soil 
In laboratory and greenhouse studies, the way in which 
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the soil is handled prior to initiation of an incubation 
influences the results obtained. For example, air drying a 
soil sample has been found to change the character of the 
soil organic matter by rendering a fraction of it more 
soluble (100). Birch (13, 15) made an extensive study of 
the drying effect and concluded that changes in the solubility 
of soil organic matter are involved. The amount of carbon and 
nitrogen mineralized after air drying was proportional to the 
carbon content of soil (14). The ratio of carbon to nitrogen 
mineralized was reduced by air drying. 
Ecology 
The influence of soil treatment on the soil microbio­
logical population should be emphasized. The members of the 
microbial population decomposing residues added to soil have 
specific nutrient requirements and tolerances to the environ­
ment in which they function. Thus, as the conditions of 
incubation change, the soil population tends to change in 
response to the change in conditions. The rate of decomposi­
tion depends upon the conditions under which decomposition 
proceeded and upon the requirements of the organisms perform­
ing the decomposition. Heck (55), for example, concluded 
that highly cellulolytic materials were chiefly decomposed 
by fungi with little release of nitrogen. When residues from 
different plant species were added to soil, the predominant 
fungus was different for each residue. 
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The Relationship Between COg Evolution 
and Nitrogen Transformations 
Allison and Klein (4) and Nommik (7*0 found that nitrogen 
immobilization closely paralleled carbon dioxide evolution 
during early stages of incubation of soil. The relationship 
between all nitrogen transformations and carbon dioxide 
evolution is not clear. It would appear that the nitrogen 
content of the system would, in part, determine the relation­
ship of CO2 evolution to nitrogen transformations. 
In the laboratory, organic matter decomposition commonly 
has been measured by oxygen uptake or carbon dioxide evolu­
tion. The use of oxygen uptake and carbon dioxide evolution 
methods to measure organic matter decomposition in soils 
assumes that there is a direct relationship between the oxygen 
required for the oxidation of organic matter, the carbon 
dioxide evolved as a result of this oxidation and the actual 
decomposition activity of the microorganisms. The validity 
of the assumption concerning the relationship between oxygen, 
carbon dioxide and microbial activity has been accepted in 
most of the papers reported in this review. 
Actual experimental evidence directly relating microbial 
activity (or decomposition) to oxygen uptake or carbon dioxide 
evolution from soils is limited. Hutchings and Martin (58) 
studied carbon-nitrogen ratios in relation to organic residue 
decomposition. They found that as COg evolution decreased, 
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nitrate accumulation increased. Addition of sodium nitrate 
to the residues stimulated COg production the first few days 
of the incubation and delayed the time of maximum nitrate 
accumulation. 
Gray and Wallace (51) found that COg evolution was 
correlated with numbers of bacteria and actinomycetes. 
Rothwell (85) could find no direct relationship between 
numbers of organisms and activity, as measured by C02 
evolution, unless temperature was held constant. 
Some attempts have been made to relate mathematically 
the rates of oxygen uptake or COg evolution to microbial 
activity over time. Chase and Gray (35) found that, when 
air dry soil was wetted to 30 to 90 percent of saturation, 
the daily rates of oxygen uptake could be related to time by 
a modified Corbet (38) equation, such as 
Y = F«/tm', 
where Y is the oxygen uptake in nl/g/hr, t is time in days 
and F' and m1 are constants. This formula is based upon 
"the premise that the energy yielding components of soil 
organic matter may be composed of two fractions, one being 
readily decomposable, and the other less readily decomposable, 
and that the breakdown of each portion proceeds simultaneously 
according to first order reaction rates. It is suggested that 
the apparent log rate-log time function arises because two 
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superimposed first order reaction rates tend to dominate the 
processes of decomposition". 
In later work, Chase and Gray (34) further elaborated 
upon the Corbet (38) equation for carbon dioxide evolution. 
Corbet's equation was written in rate form resulting in 
ff = Fmt-1 . 
The constants of this rate equation were changed by letting 
F1 = mF, m-1 = -m', and r = F't"m', where r is the respira­
tory rate in time t. This equation was evaluated by plotting 
log r versus log t. Changes in soil moisture content changed 
the height of the lines but not their slopes. These curves 
were then used as the sum of two first-order reactions as 
mentioned above. The Michaelis-Menton relationship has also 
been used to evaluate respiratory rates, particularly with 
microbial populations (66). 
There may be some question concerning the utility of the 
Chase and Gray approach as shown by recent work on microbial 
growth under very controlled and well defined conditions. 
Contois (37) and Ecker (42) worked with pure cultures in an 
attempt' to define, in mathematical terms, the growth of 
bacteria in pure cultures, but no one method of approach 
appeared to be best. If the mathematics could not be well 
defined for pure culture work under well controlled condi­
tions, it is unlikely that microbial activity in a 
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heterogeneous soil system could be, at present, well described 
by mathematical means. 
The rate of immobilization and mineralization of 
nitrogen has been evaluated in soil using tagged nitrogen. 
Kirkham and Bartholomew (63) have presented a mathematical 
treatment of nitrogen transformations which has possibilities. 
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MATERIALS AND METHODS 
Materials 
Soils 
The field work reported here was done on an area of 
Clarion sandy loam on the Iowa State University Agronomy 
Farm. The particular site for the field study had an average 
slope of 6% and had been in bromegrass meadow for several 
years. 
The initial soil samples from the field experimental 
site were lost, but soil samples were taken from all plots in 
1958, 1959 and I960. Fifteen cores were systematically taken 
from each plot, with allowance of 15 to 18 inches of border 
on the sides and ends of the plots. The 15 cores were 
combined to make the plot sample. Undecomposed plant 
material was avoided in taking the samples. The samples 
were air-dried, crushed in a rotary grinder to pass a 20-
mesh screen and stored in glass jars. Subsamples were taken 
from the crushed samples for analysis after further grinding 
in a porcelain mortar. These analyses are presented in the 
results section of the field study. 
The sample of the Clarion sandy loam used in the 
laboratory studies was taken in the fall of 1959 from the 
bromegrass border of the field experimental site. The bulk 
sample was air-dried, crushed with a lawn roller to pass a 
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4-mesh screen and stored in a metal can until used. The 
sample contained 0.179# nitrogen and had a pH of 5*8 in a 1:1 
soil-water suspension. 
The sample of Webster silty clay loam used in one of the 
incubation studies was taken from the surface of a site that 
was in a bromegrass-alfalfa meadow. This soil was prepared 
in the same manner as the Clarion bulk sample. The Webster 
soil contained O . 319#  nitrogen and had a pH of 6 .8 .  
Chemical reagents 
All chemical reagents used were of reagent grade. The 
starch was soluble potato powder prepared to meet ACS specifi­
cations. The starch was added to the soil in the dry form. 
Crop residues 
The crop residues used for the field portion of this 
study were collected from various experimental sites on the 
Agronomy Farm. The cornstalks were field chopped, and the 
soybean straw and the legume hay had been baled for storage 
over winter. The residues used in the laboratory portions of 
this study were also taken from experimental sites, but were 
harvested in a late stage of growth and were oven-dried. 
After drying, the residues were ground in a Wiley mill to 
pass a 2-mm screen and stored in glass jars until used. 
Table 2 gives a brief summary of the characteristics of all 
residues used in this study. 
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Table 2. Characteristics of plant residues utilized in the 
field and laboratory 
Residue Study 
Particle 
size® 
Total 
nitrogen 
Cornstalks Field 1955 
19 56 
i'K 
Field 
Field 
Field 
Field 
% 
1.0* 
1.0% 
1.5 & i.oc 
1.0 
Cornstalks Laboratory <2 mm 
Legume hay Field 1955 
1956 
1957 
1958 
Field 
Field 
Field 
Field 
i :$  
2.5 
2.2 
Soybean straw Field 1955 
1956 
1957 
1958 
Field 
Field 
Field 
Field 
1.0b 
1.0* 
2* 
Soybean straw Laboratory <2 mm 0.7 
Sudangrass Laboratory <2 mm l .b  
Whole soybeans- Laboratory (2  mm 3.2 
aField size refers to material collected in the field. 
Cornstalks were field-chopped, and soybean straw and legume 
hay were baled for storage. 
O^riginal analyses and samples were lost, and the 
nitrogen content, was estimated from the analysis of 
subsequently applied material. 
cSee Table 4. 
W^hole soybean material included leaves, stems and seed 
collected just prior to full maturity. 
2^  
Field Methods 
Residues usually found on farms in Iowa were selected to 
enhance the practical value of the experiment. The residues 
selected differed in nitrogen content. A range of nitrogen 
content was necessary to test the theory that addition to 
soil of residues containing in excess of 1.7 percent nitrogen 
would result in net nitrogen release, whereas addition of 
residues containing less than 1.3 percent nitrogen would 
result in a reduction in available nitrogen in the soil as 
a result of nitrogen immobilization. Legume hay, soybean 
straw and cornstalks, which are commonly found on farms, were 
selected. The nitrogen contents of the materials applied are 
given in Table 2. 
As mentioned above, the experiment was initiated on 
Clarion sandy loam on the Iowa State University Agronomy 
Farm. The experimental design was a randomized split-plot, 
with types of residue as whole plots and year of residue 
application as the split plots. The residues were applied 
at a rate of 20 tons per acre. The residues were randomly 
assigned to the whole plots within each replicate. Each 
whole plot was divided into five split plots, four of which 
received an application of residue in successive years prior 
to seeding the test crop. The fifth split plot in each whole 
plot received no treatment. The experimental layout is shown 
in Figure 1, where the numbers assigned to each plot are the 
Figure 1. Field experimental area, Iowa State University Agronomy Farm, 
Ames. Iowa 
A C S 
REP I 
NONE 57 57 
58 58 NONE 
56 NONE 55 
57 55 58 
55 56 56 
C S A  
REP H 
56 58 NONE 
57 56 56 
55 55 57 
58 NONE 58 
NONE 57 55 
AREA 
REPLICATE 60* X 90* 
WHOLE PLOT 60' X 30* 
SPLIT PLOT 12' X 30' 
SLOPE 
REP HI REP m 
S C A C S A 
56 57 58 NONE 57 55 
57 55 55 55 56 58 
55 58 56 58 NONE 57 
NONE NONE 57 57 55 56 
58 56 NONE 56 58 NONE 
NORTH 
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last two numbers of the year In which the residues were 
applied. 
Piper sudangrass was selected as a test crop, and the 
seed was drilled at the rate of 20 pounds per acre. The crop 
on all plots was harvested twice each year by taking a 3^ - or 
37-inch swath from the center of each plot with a small, self-
propelled mower. A 1-foot border was allowed at both ends of 
each plot. The harvested area had a width of k grain drill 
rows. The initial cutting each year was made when the 
majority of the sudangrass plants were fully headed. The 
second cutting was made within 3 days following the first 
killing frost in the fall of the year. All plant material was 
removed from each plot following harvest. The actual times of 
application of residue and harvest are given in Table 3. The 
change in application of residue from fall to spring was 
necessitated by weather and labor considerations. It is 
recognized that this practice may have influenced the results 
in an undetermined fashion, but the total effect would not be 
expected to be great. 
The material harvested was weighed in the field to the 
nearest tenth of a pound, and a sample was taken for moisture 
determination and analysis. The moisture sample was dried in 
a forced-air drier at 60 to 70° C and weighed. All yields . 
were calculated on the basis of the dry weight of the sample. 
The dried sample was ground in a Wiley mill to pass a 2-mm 
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Table 3» Dates of residue application and test crop harvest 
Crop 
year 
Date of residue 
application 
Date of 
first 
harvest 
Date of 
second 
harvest 
1955 Fall, 195% July 29 October 6 
1956 Fall, 1955 July 9 September 8 
1957 Cornstalks - Fall, 1956 
So&&aw) AP'U, 1957 
August 5 & 6 October 18 
1958 March, 1958 July 31 October 2 ' 
1959 none July 28 October 9 
I960 none August 2 October 5 
1961 none August 5 October 4-
screen, and a subsample of approximately 100 grams was saved 
for chemical analysis. 
Chemical Methods 
Total nitrogen 
The Kjeldahl method was used in this study to determine 
total nitrogen in soil and plant material. The digestion 
method used for all plant samples was the method described 
by Black (16) which was modified to speed the mechanics of 
the analysis. One-half gram samples of plant material were 
placed in Kjeldahl digestion flasks. One Kel-pack, two 
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seienized granules and 30 ml of concentrated, reagent-grade 
sulfuric acid were added to each flask, and the samples were 
digested.^  Digestion was considered complete at two times 
the length of time required for the digestion mixture to 
become clear. 
For soil samples, one method of digestion used was the 
same as described for plant samples, except that the digestion 
time was extended to 3*5 hours, and 5 g of soil were used. 
The other soil digestion method was Bremner's "standard" 
method (20). The catalyst mixture for the Bremner method 
consisted of 10 g of K2SO4, 1 g of CuSOl^ '^ HgO and 0.1 g of 
selenium metal per sample. Thirty milliliters of concentrated 
reagent-grade sulfuric acid were used per sample, with a 
digestion time of 5 hours. This author found little differ­
ence in recovery of nitrogen between the two digestion methods 
used for the soil samples. The Bremner "standard" method gave 
somewhat better precision than the Kel-pack method. 
The distillation method used exclusively on the sudan­
grass plant-sample digest was as follows: The cooled digest 
was diluted in the digestion flasks with distilled water. 
After another cooling period, two mossy zinc chips and 
approximately 100 ml of b0% sodium hydroxide containing 12 g 
of potassium sulfide per liter were added to each diluted 
•4cel packs are distributed by Harshaw Scientific Co., 
Cleveland, Ohio. They contain 10 g of K2S0lf and 0.7 g of 
HgO. The seienized granules are made by Hengar Co., 
Philadelphia, Pa. 
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digest. One hundred fifty to two hundred ml of distillate 
were caught in 30 ml of boric acid which contained k ml of 
a mixed indicator per liter. The mixed indicator contained 1 
g of brom eresol green and 0.2 g of methyl red dissolved in 
200 ml of ethyl alcohol. Following distillation, the ammonium 
borate was titrated with standard O.IN sulfuric acid. 
A semimicro steam-distillation unit described by 
Mcintosh (69) was used on all digests of soil samples to 
eliminate sample losses resulting from the severe bumping 
that is characteristic during macrodistillation of soil 
sample digests. The cooled digest was transferred to 500-ml 
volumetric flasks. The digest was brought to volume with 
distilled water, and 25-ml aliquots were placed in 100-ml 
distillation flasks. The acidic aliquots were treated with 
k0% sodium hydroxide after the distillation flasks were 
attached to the steam generator. When HgO had been included 
in the digestion catalyst, the sodium hydroxide contained 
potassium sulfide as described above. Twenty to 25-ml of 
distillate were collected in 50-ml Erlenmeyer flasks contain­
ing 5 ml of 2% boric acid. The boric acid contained 20 ml 
of 2% boric acid. The boric acid contained 20 ml of a mixed 
indicator per liter. This mixed indicator contained 0.099 g 
of brom cresol green and 0.066 g of methyl red dissolved in 
100 ml of ethyl alcohol. Titration of the steam-distilled 
samples was done with 0.01N HgSO^ . standardized with standard 
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ammonium sulfate and standard ammonium chloride. There was 
no difference in accuracy and precision between the semi-micro 
and the macro distillation methods. 
Incubation methods 
The vessels utilized for laboratory incubations were pint 
Mason jars. The soil and residue or starch additions were 
weighed dry, placed in the jars and mixed by hand shaking. 
Nitrogen and other nutrients, where applicable, were applied 
in solution to the soil. Distilled water was added to bring 
the water content of the mixtures to 70% of the moisture 
holding capacity. Vials of standard sodium hydroxide were 
placed in the incubation vessels for carbon dioxide collection 
and the vessels were closed. Closure was made with either 
polyethylene film^  or metal lids. Where only the course of 
nitrogen transformations was followed, closure by film was 
used, and carbon dioxide evolution was not determined. The 
metal-lid type of closure was employed where the amount of 
carbon dioxide evolved was determined. The aeration condi­
tions of the incubation containers were checked by calculation 
using the maximum carbon dioxide evolution rate observed in 
these studies. According to these calculations, the oxygen 
level in the incubation container should not have fallen 
below two-thirds of the normal atmospheric level. 
•'•The polyethylene film was obtained from poultry bags 
manufactured by the Dobeckmun Co., Cleveland, Ohio. 
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Incubations were performed in a Thelco incubator at a 
constant temperature of 27 ±1° C.^  The location of the 
incubated samples within the incubator was changed daily to 
reduce effects due to possible temperature differentials 
since the incubator was basally heated. 
The quantity of soil used in the incubations was either 
50 or 100 g (oven dry). The 50-g samples were used where 
suction filtration was employed in the terminal determina­
tions. The 100-g samples were used where gravity filtration 
was employed. A discussion of filtration will follow in the 
section on mineral nitrogen extraction. 
Carbon dioxide evolution 
In the studies where an estimation of carbon dioxide 
evolution rate was desired, a vial of standard sodium 
hydroxide was placed in the sealed incubation vessels. 
Following an incubation period, the sodium hydroxide was 
transferred to a 250-ml Erlenmeyer flask containing 25 ml 
of 2N barium chloride. The flasks were stoppered until the 
excess sodium hydroxide was titrated with standard acid with 
phenolphthalein as an indicator. This procedure is the same 
as described by Russel (88) except for changes in volume of 
reagents. Recovery of carbon dioxide was checked with CaCO^  
and was found to be 98% of the amount placed in the test 
T^he incubator used was manufactured by the Freas-
Thelco Electric Co., Irvington, New Jersey. 
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container. 
£§ 
Soil pH was determined on the entire incubated sample. 
Sufficient distilled water was added to the sample in the 
incubation container to achieve a 1:1 (weight:volume) soil-
water ratio. After shaking the suspension for 30 minutes on 
a Size 2 International Bottle Shaker,^  the pH was determined 
2 
using a Model H2 Beckman Glass Electrode pH Meter. 
Mineral nitrogen extraction 
Following the pH determination, sufficient 2N KC1 was 
added to the soil-water mixture to bring the final salt 
solution-soil ratio to 2:1 (volume :weight). The extracting 
solution-soil mixture was shaken intermittently for 1 hour 
prior to filtration. 
Two methods of filtration were utilized. In one method, 
the extraction mixture was filtered by gravity through folded 
No. 12 Whatman filter paper. The contents of each incubation 
jar were transferred to the filter and were washed with 
distilled water. The filtrate was caught in 500-ml Kjeldahl 
flasks. 
The other method of filtration utilized suction. 
M^anufactured by International Equipment Co., Boston, 
Massachusetts. 
M^anufactured by Beckman Instruments, Inc., South 
Pasadena, California. 
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Standard 500-ml filtering flasks were fitted with Buchner 
funnels. No. 1 Whatman filter paper disks were used in the 
funnels. The contents of an incubation vessel were trans­
ferred to a funnel, the filtrate was drawn through the filter, 
and the soil on the filter was rinsed with distilled water. 
There was no significant difference in mineral nitrogen 
recovery between distilled water, acidified water, Df KC1 
and acidified IN KC1 when these various types of rinsing 
agents were compared. 
Mineral nitrogen determination 
Two mineral nitrogen fractions in the filtrate were 
determined by the MgO-Devarda's alloy method for ammonium 
and nitrite plus nitrate nitrogen. When gravity was used for 
filtration, the entire filtrate collected in 500-ml Kjeldahl 
flasks was distilled on a standard Macro-Kjeldahl distillation 
unit using boric acid as the receiving acid. When suction 
was employed in filtering, the filtrate was transferred to 
500-ml volumetric flasks and made to volume. From the 
diluted filtrate, 25-ml aliquots were taken and placed in 
100-ml digestion flasks. Distillation was performed on the 
steam distillation unit mentioned previously, using 2% boric 
acid as the receiving acid. One teaspoonful of light MgO 
was used for the macrodetermination of ammonium, and one-
fourth teaspoonful of ignited, light MgO was used in the 
microdetermination method. 
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After the ammonium was distilled, nitrate determination 
was made by reduction of the nitrates in the filtrate to 
ammonium by Devarda's alloy. On the macro scale, 3 g of 
alloy were added to the filtrate following distillation of 
ammonium, cooling and addition of distilled water. No 
cooling between the ammonium and the nitrate determinations 
was made where steam distillation was employed. Three-tenths 
g of alloy was added to the hot steam-distillation flask 
following ammonium determination, and the distillation was 
continued with the ammonium from the reduction of nitrate 
being caught in a receiving flask containing a fresh sample 
of boric acid. 
Water extraction of residues 
Most of the work reported on extraction of plant 
materials with water involves lengthy extraction periods. 
This author, in connection with some unreported work, has 
observed microbial activity (measured by carbon dioxide 
evolution) soon after application of water to organic 
material. Consequently, to limit microbial activity before 
initiation of the actual incubation, a minimal extraction 
extraction period was used. 
The extraction procedure finally selected was as follows : 
A sample of dried residue (65° C), ground to pass a 2-mm 
screen, was weighed and placed in a pint glass jar. 
Distilled water was added to the jar in the ratio of plant 
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material to water of 1:30 (weight to volume). The jar was 
sealed and placed on a mechanical shaker. The plant material-
water mixture was shaken for 1 hour after which the entire 
mixture was transferred to 9 cm Buchner funnels which held 
No. 1 Whatmal filter paper discs. The residue on the filter 
was washed with approximately 30 ml of distilled water 
applied in three increments. 
The filtrate containing the water-soluble plant extract, 
and the insoluble material plus filter paper, were quantita­
tively transferred to separate beakers and dried on a steam 
plate. The beaker containing the dried insoluble material 
and filter paper was then dried in an oven for 2k hours at 
65° C, and the solubility percentages were calculated from 
the dried weight of the insoluble material, with due correc­
tion for the weight of the filter paper. Preliminary 
procedural checks showed that approximately 97% of the 
total original material could be accounted for if both the 
extract and insoluble material were weighed. The lack of 
complete recovery may be attributed in part to volatile 
materials. 
The water-soluble fraction was redissolved in water, 
transferred to a volumetric flask and brought to volume. 
The water-soluble fraction was then added to soil in water 
solution. Data concerning the water-soluble fraction of the 
residues used in this study are presented in Table k. 
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Table 4-, Characteristics of plant residues used in the 
water-solubility study 
Total dry material Water 
Total soluble 
Water nitrogen fraction 
Total solu- water Nitro- pH in 
Residue nitrogen bility soluble gen water 
Sudangrass 
% 
1.3« 
% 
l8.0 
% 
28 
% 
w 6.3 
Whole soybean plant 3.21 2k.b 3% **.5 6.3 
Cornstalks 1.06 17.5 k8 2.9 5.4 
Soybean straw 0.68 11.6 53 3.1 7.6 
A uniform application of 2 tons of residue per acre 
furrow-slide by weight was used for the major portion of this 
study. The amounts of extracted material and the water-
soluble fraction that were added to soil were calculated from 
solubility percentages. Quantitative data concerning the 
additions are presented in Table 5. Fifty ppm of ammonium 
nitrogen as (NHi+^ SO^  was included in the study as a variable 
to assure an ammonium supply for nitrification. 
38 
Table 5» Quantities of residue and nitrogen added in various 
fractions to 50 grams of soil 
Residue Fraction* 
Quantity of 
fraction 
Organic 
nitroeen 
mg ppm mg ppm 
Sudangrass U 600 12,000 8.1 162 
I 492 9,840 3.5 70 
E 108 2,160 4.6 92 
Whole soybean U 100 2,000 3.2 64 
plant 
42 I 75.6 1,512 2.1 
E 24.4 488 1.1 22 
Cornstalks U 100 2,000 1.1 22 
I 82.5 1,650 0.6 12 
E 17.5 350 0.5 10 
Soybean straw U 100 2,000 0.7 14 
I 88.4 1,768 0.3 6 
E 11.6 232 0.4 8 
*The letters are codes for the various fractions of 
residue. U = unextracted residue; I = water-insoluble 
fraction; E = water-soluble extract. 
39 
FIELD INVESTIGATION 
Results and Discussion 
Introduction 
The field study reported here was initiated to obtain 
field data to determine the influence of the nitrogen content 
of residues added to soil on the crop response to the residue 
applications and on the nitrogen recovery from these 
applications. The experiment was designed to measure the 
release of nitrogen from the residue over time and to measure 
the influence of the residue on soil nitrogen. 
The field studies on single applications of residue 
reported in the literature have been of relatively short 
duration because the measurement of recovery of residual 
nitrogen was limited by the low quantities of nitrogen in 
the residues used. In an attempt to overcome the measurement 
limitations imposed by the low quantity of normal additions 
of residues, an application rate of 20 tons per acre was 
selected for this study. 
The nitrogen percentages of the residues used in this 
study were presented in Table 2. Table 6 gives the actual 
quantities of nitrogen applied in the various treatments. 
Soil nitrogen 
A summary of the total nitrogen percentages in the 1958 
soil samples is presented in Table 7. In addition, the total 
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Table 6. Quantities of nitrogen added to the test plots 
Year of Residue Inorganic Total 
Type of appli­ nitrogen nitrogen nitrogen 
residue cation applied applied applied 
lb/A lb/A lb/A 
Legume hay 1955 1000a 0 1000 
1956 1000* 0 1000 
1957 1000 0 1000 
1958 880 0 880 
Soybean straw 1955 400* 100* 500 
1956 400* 0 400 
1957 280 0 280 
1958 560 0 560 
Cornstalks 1955 400* 300* 700 
1956 400* 100* 500 
1957e 600 0 600 
400 0 400 
1958 400 0 400 
A^nalytical results for the residue applied in 1955 and 
1956 were lost. The values given for these years are esti­
mates based upon residue applied in subsequent years. 
*To reduce nitrogen fixation and to provide for maximum 
immobilization, ammonium nitrate was applied with the low 
nitrogen residues. In 1955 and 1956, ammonium nitrate was 
applied with cornstalks at the rate of 300 and 100 pounds of 
nitrogen per acre, respectively. Inorganic nitrogen was 
applied with soybean straw at the rate of 100 pounds of 
nitrogen as ammonium nitrate per acre in 1955* 
cIn 1957, three of the four replicates received corn­
stalks abnormally high in nitrogen which apparently resulted 
from the 1956 drought in the Ames area. 
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Table 7. Average total nitrogen percentages in soil samples 
taken in 1958 from plots in the nitrogen-release 
experiment 
Type of 
residue 
applied 
Nitrogen percentage in soil with 
indicated year of Initiation 
Ï 9 F F 1 9 5 * 1 9 5 7 1 9 5 8  C h e c k  
Legume hay 0.150 0.158 0.162 0.139 0.144 
Soybean straw 0.132 0.143 0.132 0.134 0.118 
Cornstalks 0.142 0.156 0.154 0.131 0.130 
nitrogen percentages of soil samples taken in three successive 
years are given in Table 8. 
The overall average total soil nitrogen percentages were 
0.152%, 0.143# and 0.134# in plots treated with legume hay, 
cornstalks and soybean straw, respectively. This rank, in 
terms of total nitrogen, is the same as the ranking based on 
the quantity of nitrogen applied in the residues. A tendency 
for the plots receiving the highest quantity of nitrogen in 
residue form to retain a greater amount of that nitrogen 
existed, assuming all plots had the same initial nitrogen 
content. This observed trend of the residue effects on 
nitrogen was not statistically significant. 
The soil nitrogen percentages from the untreated plots 
must serve as reference points in lieu of the nitrogen 
percentages from initial soil samples, which were not 
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Table 8. Total nitrogen contained in soils after treatment 
with different residues applied at different times 
Nitrogen percentage in soil with 
Residue Sampling indicated year of residue application 
treatment year 1955 1956 1957 195# Check 
Legume hay 1958 .150 .158 .162 .139 .144 
1959 .148 .154 .166 .143 .143 
I960 .149 .149 .165 .140 .140 
Soybean straw 1958 .132 .143 .132 .134 .118 
1959 .130 .140 .132 .136 .117 
I960 .127 .136 .128 .137 .118 
Cornstalks 1958 .142 .156 .154 .131 .130 
1959 .141 .154 .148 .131 .128 
I960 .134 .144 .149 .132 .127 
available. If the total nitrogen percentages of the checks 
are studied (Table 7), the check plots may be ranked according 
to percentages of nitrogen and the ranking is the same as' 
that obtained by ranking the percentage nitrogen of the 
corresponding residues. There are three possible explanations 
for this: (1) These check values truly reflect the initial 
nitrogen and carbon status of the whole plots. (2) Lateral 
movement of soil occurred during the 4 years between initia­
tion of the experiment and the time the 1958 soil samples 
were taken. Figure 1 shows that this lateral movement would 
43 
not seem likely in view of the check plot locations and the 
slope of the site. (3) The soil was moved by cultivation. 
However, plowing and seedbed preparation tended to follow the 
long axis of each split plot so that mechanical soil movement 
would be predominantly across slope. 
The comparatively wide range of check percentages is a 
reflection of the variability of the experimental area. This 
variation could explain the lack of statistical significance 
of the trends observed in the total nitrogen percentages. 
Inadequate sampling is another possibility for the failure of 
these trends to be significant. The effect of sampling appears 
when an attempt is made to combine the soil analysis data from 
Table 8 for the 3 sampling years. A test of homogeneity of 
error terms performed according to the Bartlett method (96, 
p. 285) yielded a corrected 9C2 of 96.9 which indicates that 
the error terms for the 3 years are not the same. Different 
error terms would be expected if nonuniform sampling was the 
major cause of variation. No additional treatments were 
applied during the years when soil samples were taken, and 
soil nitrogen changes would not be expected to be as great 
as indicated by the data. 
The sampling problem is indicated also by the data in 
Table 9» The nitrogen which was apparently lost between the 
fall of 1958 and the fall of I960, as measured by soil 
analysis, was compared to the nitrogen uptake measured by 
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Table 9. A comparison of nitrogen loss from soil with the 
nitrogen found in the test crop 
Nitrogen loss with indicated 
year of init&atiQB 
Measurement Residue 1955 1956 1957 1958 Check 
lb/A lb/A lb/A lb/A lb/A 
Calculated* Legume hay 20 180 - - 80 
Soybean straw 100 140 80 - -
Cornstalks 160 240 100 - 60 
Found* Legume hay 146 156 188 188 107 
Soybean straw 114 125 131 119 95 . 
Cornstalks 111 139 148 125 91 
aThe calculations were made by subtracting the total 
soil nitrogen in I960 from that in 1958 and assuming an acre 
furrow slice of 2,000,000 pounds. 
N^itrogen found in sudangrass in 1959 and I960. 
the test crop in the years 1959 and I960. The calculated and 
actual values were somewhat similar where the residues had 
been incorporated in the soil for a period of time; but, on 
the soil receiving residue close to the time the soil samples 
were taken, there appeared no correlation between the 
calculated and actual values. The sampling problem might 
have been due, in part, to the attempt to eliminate the 
undecomposed material from the samples. 
The experimental design may be another cause for failure 
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to attach significance to the trends in soil nitrogen. The 
test of whole-plot effects when a split-plot design is used 
is not as sensitive as the tests made on the split-plot 
effects. 
In summary, the nitrogen percentages of the soil show a 
trend that follows the accepted theory, but statistical 
treatment of the data shows that the trend is nonsignificant. 
Work is needed to develop a sampling procedure for residue-
treated soils that will make the sample reflect the true 
status of the soil. 
Pattern of nitrogen release 
The dry-matter yield of and nitrogen uptake by the test 
crop, sudangrass, were used as indicators of the release of 
nitrogen from the crop residues added to the soil. The 
difference between the quantity of nitrogen taken up by the 
test crop grown on treated soil and the quantity of nitrogen 
taken up by the test crop grown on untreated soil will include 
actual mineralization of nitrogen from the crop residues, 
mineralization of nitrogen from materials traceable to the 
original residues (as a result of biological turnover), and 
stimulated mineralization of nitrogen from the native soil 
organic matter as a result of the residue additions. For 
convenience, the effects of the residue addition upon the 
uptake of nitrogen by sudangrass will be termed "nitrogen 
release" in the ensuing discussion, or, where warranted, 
k6 
"nitrogen immobilization". 
The following system of labeling the results will be 
used for purposes of simplification. The actual yield of dry 
matter or quantity of nitrogen taken up by the test crop can 
be expressed by symbols as shown in Table 10. The Y^ 's 
represent the set of years of the experiment, viz., 1955# 
1956, ...1961. The Cj^ 's (i = 1, 2, ...7) are the check 
yields for each of the 7 years. The Tj's (j = 1, 2, 3» 4) 
represent the yields of plots receiving residues, where each 
of the j1 s refers to the year of the yield in reference to 
the year of application. For example, Tg represents the 
yield on a plot the second year following application of the 
residue. Since plots were initiated in this experiment in 
Table 10. Symbolic representation of yields from one whole 
plot of the field study on nitrogen release from 
crop residue (the symbols are explained in the 
text) 
treat­
ment 
ïl 
(1955) 
y2 
(1956) 
*3 
(1957) 
*4 
(1958) 
"5 
(1959) 
*6 
(I960) 
*7 
(1961) 
None <=1 C2 c3 Clf =5 c6 °7 
1955 Ti I4 T3 14 
1956 Ti T2 I. 14 
1957 Ti 14 1. 14 
1958 Ti T2 T- 14 
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1955, 1956, 1957, and 1958, there are four sets of Tj's for 
each whole plot. The various symbols are shown in Table 10. 
The treatment effect Tj may then be calculated from the 
relation, Tj = T' - C^ . 
When the check yields are subtracted from the correspond­
ing T^ 's, four sets of Tj's staggered over harvest years 
result. When these Tj's are averaged over the four replica­
tions, they result in Tables 11 and 12 for dry matter yields 
and nitrogen uptake, respectively.^  The actual yields used 
in calculating Tables 11 and 12 are presented in Tables 37 and 
38 of the Appendix. 
To study the pattern of release with time, the Tj values 
were added over different chronological years. For example, 
T]y consists of T^  from the years 1955 through 1958; T2. 
consists of Tg from the years 1956 through 1959, etc. This 
development is shown in Table 13. 
The analysis of variance of the Tj values is shown in 
Table 14. According to the analysis, the differences among 
residues are significant where increases in yield of both 
dry matter and nitrogen are concerned. 
Figure 2 shows graphically the trend of the Tj values 
with time. Values for increase in yield of dry matter are 
shown in Figure 2a, and those for increase in yield of 
nitrogen are in Figure 2b. 
T^hese averages may be expressed as Tj. 
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Table 11. Average increase in yield of sudangrass due to 
treatment (Tj) in pounds of dry matter per acre 
Increase in yield of sudangrass in 
Residue indicated year of harvest 
treatment Ï9F5 1957 1958 19^ 9 19^ 0 1^ 1 
lb/A lb/A lb/A lb/A lb/A lb/A lb/A 
Legume hay 3620 1630 4120 3150 
1010 3320 3010 900 -
3670 4-270 2330 1180 
3560 3210 1570 720 
Soybean straw 204-0 1080 1760 830 
-580 300 1130 970 
460 740 1790 660 
310 1000 -270 740 
Cornstalks 2720 1780 2200 104-0 
1830 2930 2510 44-0 
2030 2600 1110 60 
780 194-0 1000 700 
Two important conclusions may be drawn in connection 
with Figure 2b. First of all, the magnitude of release from 
the residues was directly related to the nitrogen content of 
the residues. The average nitrogen contents of the residues 
were estimated to be 2.4$, 1,3$ and 1.1$ for legume hay, 
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Table 12. Average Increase in nitrogen content of test crop 
(Tj) from treatment 
Increase in yield of nitrogen in sudangrass 
Residue in indicated year of harvest 
treatment 195* 1956 1957 1958 1959 I960 1961 
lb lb lb lb lb lb lb 
N/A N/A N/A N/A N/A N/A N/A 
Legume hay 86.1 62.3 97.9 69.1 . 
44.0 98.7 56.6 33.3 
112.3 126.3 55.0 27.1 
118.8 57.0 25.4 12.2 
Soybean straw 24.4 16.4 28.7 34.5 
-10.0 -4.4 24.4 21.7 
-4.8 14.3 23.2 12.8 
20.6 16.5 7.0 10.5 
Cornstalks 51.0 48.6 58.4 18.4 
53.4 66.9 54.4 33.1 
79.7 63-9 42.8 14.2 
13.3 24.2 10.7 7.6 
cornstalks and soybean straw, respectively. On the average, 
an increase in yield of nitrogen in the test crop from 
application of all residues was obtained in the year of 
application as well as the 3 subsequent years. 
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Table 13. Arrangement of yield Increase (T,) with time to 
show the method of arriving at totals for "years 
after application "of residue" 
Year of 
initia- Chronological years ST-» 
tion 7^ 55 59 50 J 
1955 Ti T2 T3 % t,55 
1956 T1 T2 T3 Te56 
1957 T1 T2 T3 T4 T . 5 7  
1958 T1 T2 T3 t-58 
Tr Tl- t2. T3. Ti,. 
The second conclusion is that the pattern of release 
with time depends on the nature of the residue. Legume hay 
and cornstalks produced the largest increases in yield of 
nitrogen in the first 2 years and smaller increases later. 
Soybean straw, which had the lowest nitrogen percentage, 
produced small increases in yield of nitrogen in the first 
two years and larger increases later. Thus, the principal 
release of nitrogen appeared to occur earlier from residues 
high in nitrogen than from those low in nitrogen. These 
patterns of release are similar to those presented by 
Bartholomew (8) on the basis of data from many laboratory 
experiments. 
To what extent the results reflect release of nitrogen 
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Table 14. Analysis of variance of yield increases due to 
residue application® 
Source of 
Degrees 
of Mean 
freedom square 
Dry matter 
F 
Nitrogen 
Mean 
square 
Whole plot 
Replicate 3 - - -
Residue (R) 2 46725348 34.32**t> 45370.46 51.62** 
Error (a) 6 1358446 - 878.89 -
Split plot 
Year of 
initiation (Y) 3 8190843 8.34** 4673.47 6.52** 
Y x R 6 1760549 1.79' 1988.04 2.77* 
Error (b) 27 981947 - 717.13 -
Split split plot 
Residual (T)c 3 12051715 18.65** 5935-39 23.92** 
T x R 6 4147113 6.42* 4361.95 17.58** 
T x Y 9 4920941 7.62** 2211.63 8.91** 
T x R x Y 18 2284638 3.54** 1205.89 4.86** 
Error (c) 108 646192 - 248.17 -
Total 191 - - - -
*The analysis of variance was calculated from yield 
increases coded to eliminate negative values. 
k* and ** refer to significance at the % and 1$ levels, 
respectively. 
cThe residual term refers to the effect of time as 
expressed in terms of years after application of residue. 
Figure 2a. Increase in yield of dry matter of sudangrass in different years 
after application of legume hay, soybean straw and cornstalks 
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Figure 2b. Increase in yield of nitrogen in sudangrass in different years after 
application of legume hay, soybean straw, and cornstalks 
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fixed as a result of application of the residues cannot be 
determined from the data available. Nevertheless, because 
the extent of fixation of atmospheric nitrogen is associated 
with the nitrogen content of the organic materials undergoing 
decomposition, being greater with materials low in nitrogen 
than with materials high in nitrogen, the effect of fixation 
on apparent release of the nitrogen added in the residues is 
associated with the nitrogen content of the residues, as is 
the release of native residue nitrogen. 
It is evident from the analysis of variance in Table 14 
that there were many highly significant interactions involving 
time. The fact that these interactions were significant makes 
it imperative that the data be critically examined for each 
year of application. Accordingly, the increases in yields of 
dry matter and nitrogen of sudangrass from application of 
cornstalks, legume hay and soybean straw are plotted for each 
year of residue application against the years of initiation 
in Figures 3, 4- and 5, respectively. Many of the significant 
interactions are apparent in these figures and may be 
explained by examining the data and experimental conditions. 
Most of the growth of sudangrass occurred during the 
first harvest period. This was due to the nature of the plant 
and to the weather. When conditions were not conducive to 
good sudangrass growth during a year, dry matter yields and 
nitrogen recovery were reduced. The year 1956, as shown in 
Figure 3* Increase in yields of nitrogen and dry matter 
versus year after application of cornstalk 
residue for each year that residue treatment 
was made 
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Figure k. Increase in yields of nitrogen and dry matter 
versus year after application of legume hay 
residue for each year that residue treatment 
was made 
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Figure 5» Increase in yields of nitrogen and dry matter 
versus year after application of soybean straw 
for each year that residue treatment was made 
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Table 15, vas very dry, especially during the first harvest 
period. Low yields of dry matter and nitrogen were obtained 
in this harvest period. Dry conditions, according to the 
literature, should also reduce the rate of decomposition of 
residue. 
In Figures 3, 4 and 5, the yields 1 year after initiation 
of the 1955 plots were less than for the same period after 
initiation for the other years of initiation. Also, the 
yields for the initial year of the plots treated in 1956 
showed a tendency to be less than the yields obtained during 
the other years of residue application. The yield reductions 
in 1956 were probably due to moisture stress. It appears that 
much of the significant effect of the different years can be 
explained by the effect of the dry year 1956. 
Another factor that aids in explaining the significant 
interactions involving time is the differences in nitrogen 
content of residues used in the different years. For example, 
in Figure 3> which presents the data from plots treated with 
cornstalk residue, two patterns appear. The increase in 
yield of nitrogen in sudangrass from cornstalks applied in 
1958 was much lower than from cornstalks applied in the 
previous years, apparently because of the low nitrogen 
content of the cornstalks applied in 1958. A similar result 
was found with legume hay (Figure 4). The 1958 legume hay 
residue contained 2.2% nitrogen while that applied in the 
64 
Table 15» Rainfall distribution during harvest periods of the 
nitrogen release experiment expressed as deviations 
from the normal* 
Harvest period 
Year June-July August-September 
inches inches 
1955 -2.41 -3.45 
1956 
-5.53 -0.82 
1957 +1.28 -1.81 
1958 +5.18 -1.37 
1959 -3.29 —0.26 
I960 -3.26 +2.00 
1961 +0.66 +3.88 
Normal 8.70 7.23 
a0nly in 1956 was sudangrass planted on soil that was not 
near field capacity in subsurface horizon. 
previous years had approximately 2.5$ nitrogen. An exception 
is found with the increase in yield of nitrogen in sudangrass 
in 1958 from legume hay applied in that year. Although the 
residue was relatively low in nitrogen, the increase in yield 
of nitrogen in the sudangrass in 1958 was higher than that 
obtained in other years from application of legume hay in 
those years. Figure 5 shows that the response from the 1955 
soybean straw treatment, which included inorganic nitrogen, 
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was somewhat greater than the response from soybean straw 
applied in the other years. 
Quantitative nitrogen recovery 
The apparent recovery of the nitrogen added in the 
residue was dependent upon the type of residue. As indicated 
previously, however, the apparent recovery of nitrogen from 
residue may have been affected by the inorganic nitrogen 
applications made with cornstalks in 1955 and 1956 and with 
soybean straw in 1955» The application of inorganic nitrogen 
with residues of low nitrogen content was incorporated into 
the original experimental design to permit near maximum 
immobilization and to prevent nitrogen fixation. When the 
data obtained in 1955 and 1956 were studied, the decision 
was made to delete the inorganic nitrogen treatments in 
succeeding years. The change in procedure made it possible 
to study the release of nitrogen from two of the three 
residues both with and without an inorganic nitrogen addition, 
although the addition of Inorganic nitrogen would be con­
founded with the year effect in the data analysis. 
As shown in Table 16, the apparent recovery of the 
nitrogen applied in the soybean straw was only 10.6# in a 
4-year period of cropping. From the apparent increase in 
the total nitrogen content of the soil of plots treated with 
soybean straw over the controls (Table 8), a large proportion 
of the added residue nitrogen was incorporated into the soil 
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Table 16. Recovery of nitrogen from plots treated with 20 
tons of soybean straw per acre 
Tear Residue only Residue plus 100# N 
following Nitrogen Percent N Nitrogen Percent N 
application recovered recovered recovered recovered 
Lb/A % Lb/A % 
0 1.9 0.5 24.0 4.8 
1 8.8 2.1 16.5 3.3 
2 18.1 4.4 28.7 5.7 
3 14.8 3.6 34.5 6.9 
Total 43.6 10.6 103.7 20.7 
organic matter. When inorganic nitrogen was added with the 
soybean straw, thé percentage of nitrogen recovered was nearly 
double that where no inorganic nitrogen addition was made. 
The low recovery of nitrogen from soybean residue has also 
been observed by other workers at the Iowa station (10$). 
In an attempt to elucidate the many significant inter­
actions in the analysis of the entire experiment (Table 14), 
the data from the plots treated with the three different 
residues were separated, and a separate analysis was made 
for each residue treatment. Table 17 contains the analysis 
of data from plots receiving soybean straw where no inorganic 
nitrogen supplement was made. The highly significant inter­
action between the year of addition of residues and "residual" 
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Table 17. Analysis of variance of data from plots where no 
inorganic nitrogen was applied with soybean straw 
Source of 
variation 
Degrees Nitrogen 
of Mean 
freedom square F 
Dry matter 
Mean 
square F 
Whole plot 
Replicate 
Year of initiation (Y) 
Error (a) 
Split plot 
Residual 
Y x T 
Error (b) 
Total 
(T)  
3 
2 
6 
I 
27 
4-7 
151.52 
127.20 
623.81 
652.96 
141.68 
1.19 935402 
212919 
4.40** 1917581 
4.61** 1264049 
280326 
4.39 
6.84** 
4.46** 
••Refers to significance at the 1% level. 
(years after addition of residues) was explained by the effect 
of the dry year 1956 (see the previous section). The highly 
significant residual term is evidence supporting the validity 
of the unique pattern of release of nitrogen from soybean 
straw emphasized in the previous section. 
The lack of a significant effect from the year of 
initiation was unexpected, in view of the fact that this 
term was highly significant in the overall analysis. It may 
be that the decomposition of soybean straw was relatively 
unaffected by the time of residue application. It is also 
likely that the Incorporation of plots receiving inorganic 
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nitrogen in the overall analysis may have caused the highly 
significant year of initiation effect. Lastly, the reduced 
number of degrees of freedom in the testing of the year of 
initiation effect in Table 17 may have resulted in insuffi­
cient precision to demonstrate the year of initiation effect. 
All three of the above factors could have contributed to the 
difference in the significance of effects observed between 
Tables 14- and 17. 
The increase in nitrogen content of the sudangrass test 
crop from application of legume hay was equivalent to about 
28# of the total amount of nitrogen added in the residue 
(Table 18). The percentage recovery from legume hay was 
low in comparison to recoveries others have found (94-) but 
was appreciably higher than recovery from the soybean straw. 
This higher recovery of nitrogen from plots treated with 
Table 18. Recovery of nitrogen from plots treated with 
legume hay at the rate of 20 tons per acre 
Year Pounds of Percent recovery 
following nitrogen of added 
application recovered nitrogen 
0 90.3 9.3 
1 86.1 8.9 
2 $8.8 6.1 
3 35.4- 3.6 
Total 270.6 27.9 
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legume hay was presumably due to the greater availability of 
nitrogen from this residue. 
Table 19 gives a brief summary of the data from the plots 
treated with cornstalks. In some years, inorganic nitrogen 
was applied with the cornstalks. In addition, the percentage 
nitrogen in the cornstalks differed among years. As with the 
soybean straw, the nitrogen recovery values for cornstalks 
where inorganic nitrogen was applied were higher than where 
inorganic nitrogen was not applied. The effect of inorganic 
nitrogen seemed to be persistent with time, which indicated 
that some of the inorganic nitrogen was immobilized during 
the year of application and released in later years. The 
cornstalks applied to soil without nitrogen gave very small 
increases in nitrogen yield in the year of application. The 
residue apparently decomposed the first year with a small 
release of nitrogen, but in the year following application 
an appreciable quantity of nitrogen was released. 
A surprising feature of the pattern of release of 
nitrogen from cornstalks, as measured by plant uptake, was 
that, as with soybean straw, there seemed to be no net 
immobilization. This behavior was unexpected because the 
cornstalks had a low nitrogen content and, according to 
laboratory studies, were expected to immobilize mineral 
nitrogen the year of application. This conflict of field 
and laboratory results may be partially explained by 
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Table 19. Average nitrogen recovery from cornstalk residue 
during each year after addition of the residue to 
the soil 
Year Cornstalks Cornstalks + N 
after Nitrogen% of added Nitrogen % of added 
addition recovered N recovered recovered N recovered 
Lb/A % Lb/A % 
0 20.8 5.2 52.2 8.7 
1 38.6 9.6 57.0 9.5 
2 22.9 5.7 56.4- 9.4 
3 15.6 3.9 25.8 4-.3 
Total 97.9 24.5 191.4- 31.9 
placement. When the residue was applied in the field, it was 
surface applied and then turned under with a plow. This left 
most of the residue at the bottom of the furrow or between 
slices of soil and unincorporated with the mass of the soil. 
Thus, in part of the soil the mineralization of soil nitrogen 
and use of it by the sudangrass probably proceeded without 
interference from the decomposing cornstalks; and, at the same 
time, there was probably high immobilization in the contact 
zone of soil and residue because of movement of nitrate from 
part of the soil into this area. The greater portion of the 
mass of residue was probably not drawing on the soil nitrate 
because of inaccessibility of this nitrogen. The 
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inaccessibility may be accounted for on three bases, namely, 
the relatively low concentration gradient of nitrate in the 
soil, the limited mass flow of the soil moisture and the 
utilization of nitrate in the contact zone. Under these 
conditions, it seems reasonable that mineralization of corn­
stalk nitrogen in the contact zone may have occurred at a 
much earlier time than it would if the extra nitrogen from 
the soil had not been available for temporary immobilization. 
Release of nitrogen from the residues did not stop after 
4 years. A 4-year period has been used to provide an 
orthogonal comparison for the different years of applying 
the residues. The rate of release became progressively 
lower after 4- years for all treatments, as would be suggested 
by the curves in Figure 2b. 
Considering only the three residues used here, it is 
seen that the quantity of nitrogen recovered, the pattern of 
release, and the percentage recovery are all associated with 
the nitrogen content of the residue. More nitrogen was 
recovered where greater quantities were added. The somewhat 
unexpected feature of this data was that a larger fraction of 
the nitrogen was recovered from high nitrogen residues. The 
low percentage recovery from low nitrogen residues was probably 
due to greater nitrogen immobilization. The overall low 
recovery of nitrogen may have been due, in part, to leaching 
of nitrates. The soil was a sandy loam, and water movement 
72 
through the soil would be expected. In several years, heavy 
rains occurred near the time of seeding the test crop. At 
seeding time, nitrogen mineralization and nitrate accumula­
tion would be expected to be at a maximum, resulting in 
nitrate being present in the soil and subject to leaching by 
the water from the heavy rains. No measures of leaching 
losses were made. 
Summary 
The quantity of nitrogen recovered during the year of 
application was proportional to the quantity of nitrogen 
applied in the residue. More nitrogen was recovered in the 
initial year from residue having a high percentage of nitrogen 
than from residues having a low percentage of nitrogen. These 
results are in agreement with Bartholomew's (8) predictions 
from laboratory data. 
The pattern of release in the years following the year 
of application was dependent also upon the nitrogen percentage 
of the applied residue. The quantities of nitrogen recovered 
during the year of application and the following year were 
nearly the same when the residue in question contained more 
than 1.2 percent nitrogen. The recovery in subsequent years 
gradually decreased. For residues containing less than 1.2 
percent nitrogen, the quantity of nitrogen recovered each 
year gradually increased for the first 3 years of the study. 
This increase was followed by a slight decrease the fourth 
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year. After k years the quantities of nitrogen recovered 
from all residues were approaching the same magnitude. 
The year effect on nitrogen recovery was not pronounced 
except for 1956, when soil moisture was low at planting time 
and rainfall during the first part of the growing season was 
abnormally low. This reduced rainfall resulted in soil 
moisture stress, which reduced test crop yields and may have 
had an indirect effect on crop yield through reduced micro­
biological activity. Yields in 1957 probably were higher 
than they would have been if yields had been normal in 1956. 
LABORATORY INVESTIGATIONS. 
Water-Solubility of Residues 
Introduction 
When rain is allowed to fall on hay, the quality of the 
hay deteriorates due to loss of water-soluble materials. 
Osborne, et (77) made an extensive study of the water-
soluble materials in alfalfa to evaluate factors affecting 
hay quality deterioration. Several early soils workers, 
including Whiting (112) who did extensive work on the water-
solubility of residues and the related effects on soil, have 
stated that one of the factors that would affect the speed of 
decomposition of a crop residue in soil is the percentage of 
the residue that was water soluble. Recently, Bollen and co­
workers (18, 32, 33) have done work on crop residue solubility 
and have found that the water-soluble fraction of crop 
residues was quickly decomposed and had little effect upon 
nitrate accumulation in soil. The study reported here was 
carried out to find whether the rate of decomposition of 
residues employed in this investigation was related to the 
proportion of the material that was soluble in water. 
Carbon dioxide evolution 
A study of the pattern of decomposition of sudangrass 
residue for 1 week was made to study carbon dioxide evolution 
over short time intervals. Carbon dioxide evolution from 
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subsequent incubations was determined only at 3- and 4-day 
intervals, which tended to oversimplify the pattern of 
decomposition with time. 
The results of the preliminary study are summarized in 
Table 20 and Figure 6. The sudangrass residue was in the 
range of nitrogen content (1,7% to 1.3#) where mineralization 
and Immobilization were supposed to be balanced (i.e., no net 
effect upon soil mineral nitrogen is to be expected); there­
fore, no mineral nitrogen was added. The curves in Figure 6 
Table 20. Influence of fractions of sudangrass on COo 
evolution and on certain soil characteristics 
following 1 week of incubation 
Treatment* 
Added Added 
C 
evolved 
Mineral 
nitrogen 
carbon nitrogen as C02 N%-N NO3-N pH 
ppm ppm ppm ppm ppm 
1 Check 0 0 639 14 15 5.8 
2 U 4800 162 2080 3 3 6.0 
3 I 3936 70 1654 1 3 6.2 
4 R 4800 162 1889 1 3 6.1 
5 E 864 92 939 14 17 6.0 
Initial soil 10 1 6.1 
T^reatment codes are as follows: U = unextracted residue 
I - water-insoluble fraction; E = water-soluble fraction: 
R = recombined fractions, i.e. (I+E). The numerical listing 
refers to the curves in Figure 6. 
Figure 6. Rate of carbon dioxide evolution from 100 grams of soil treated with 
various fractions of sudangrass residue 
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show that there were drastic differences between the residue 
fractions in their effects upon the pattern of decomposition 
as measured by carbon dioxide evolution. The initial burst 
of activity following initiation of incubation was principally 
due to the effects of the soil and the water-soluble fraction 
of the residues. 
After 40 to 50 hours, the pattern of decomposition was 
determined by the water-insoluble fraction, and the soil 
treated with the water-soluble fraction behaved much like the 
check soil. Activity in response to the addition of the 
water-insoluble fraction did not begin for about 2k hours 
following the initiation of the experiment. The terminal 
mineral nitrogen values were about the same in soil treated 
with extract as in the control. Immobilization of nitrogen 
occurred with all other additions. 
Nitrogen transformations 
Soybean straw, cornstalks and whole soybean plants were 
extracted with water as described above, and the various 
fractions were incubated in soil for 2 weeks at 27° C + 1°. 
These 2-week incubations for each residue ran consecutively; 
therefore, some bias may enter when comparing the results 
obtained with the different residues. The characteristics 
of the residues were given in Table k. Table k showed that 
the residues that were highest in nitrogen had the highest 
degree of water-solubility. The percentage of the total 
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nitrogen in the residue that was water-soluble tended to be 
lower for the high-nitrogen residues than for the residues 
lower in total nitrogen. 
The total decomposition of the various residue fractions 
(as measured by COg evolution) is given in Table 21, but the 
results are not as spectacular as those obtained with the 
sudangrass in the preliminary study. The total yields of 
carbon from the samples treated with the water-soluble 
fraction and the checks were not appreciably different. 
The cornstalk fractions and the soybean straw fractions 
were not appreciably different in total decomposition in 2 
weeks. There was approximately 8# greater decomposition of 
the unextracted material than of the water-insoluble material 
for both residues. Carbon evolved was from 2 to 5# less 
where the insoluble and water-soluble fractions recombined 
for incubation than where the imextracted materials were 
incubated directly. 
The effects of the three residues and their various 
fractions on total nitrogen immobilization are shown in 
Figure 7* The whole soybean plant fractions did not 
immobilize an appreciable quantity of nitrogen, as shown in 
Figure 7a. In fact, all fractions except the water-soluble 
fraction had mineralized nitrogen by the end of the incubation 
period, which would be expected since the residue contained 
3.2# nitrogen. Some immobilization of nitrogen occurred early 
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Table 21, Decomposition of residue fractions as measured by 
carbon evolved as COg during 2 weeks of incubation 
Total carbon evolved Decomposition 
Treatments Whole Soy- Whole Soy-
Frac- Nitro- Corn- soybean bean Corn- soybean bean 
tiona gen stalks plant straw stalks plant straw 
ppm ppm ppm ppm % % % 
ÏÏ 0 316 420 338 39 53 42 
I 240 284 240 36 47 34 
E 
-32 76 0 0 39 0 
R 278 388 317 34 48 4o 
U 50 262 432 322 33 54 40 
I 240 306 224 36 51 32 
E 27 77 0 19 39 0 
R 240 394 328 30 49 4l 
F^raction codes are explained in Tables 5 and 20. 
I^t was assumed that all fractions had a carbon 
content of 40#. 
in the incubation in the presence of added ammonium nitrogen. 
The cornstalk and soybean straw residues immobilized an 
appreciable quantity of nitrogen, as shown in Fibures 7b and 
7c. With both residues, the water-soluble fraction had little 
or no effect on immobilization of total mineral nitrogen. The 
lack of an effect by the water-soluble fraction can be 
explained by the relatively high nitrogen content of the 
Figure 7a. Influence of the various fractions of soybean 
reaisue upon nitrogen immobilization with time 
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Figure 7b. Influence of the various fractions of cornstalk 
residue upon nitrogen immobilization with time 
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Figure 7c. Influence of the various fractions of soybean 
straw upon nitrogen immobilization with time 
86 
NO NITROGEN 
50 ppm NHj-N 
RECOMBINEO 
-10 
o. 
a 
-20 
EXTRACT 
-10 
INSOLUBLE 
20 
UNEXTRACTED 
-10 -
0 3 7 14 
INCUBATION PERIOD-DAYS 
87 
extracts ( >2.9#) and the relatively.small quantities of 
materials added (<350 ppm). 
When additional ammonium nitrogen was added with the 
residue fractions, there was some difference in response on 
the cornstalk and soybean residues. Less total immobilization 
in the presence of added ammonium occurred with the cornstalk 
residue than with the soybean straw residue. This difference 
in immobilization appeared to be connected to the total 
nitrogen content of the residue fractions. As shown in 
Table 4, more total nitrogen was added in the cornstalk 
residue than in the soybean residue. 
immobilization of ammonium and nitrate 
Mineral nitrogen immobilization was calculated by adding 
the quantity of nitrate nitrogen immobilized to the quantity 
of ammonium nitrogen immobilized. The quantity of either 
form of nitrogen immobilized was calculated by subtracting 
the quantity of nitrogen found in the check soil from the 
quantity of nitrogen found in a treated soil. 
Figure 8 presents the total nitrate accumulation for 
fractions of each residue as well as the nitrate accumulation 
in the check soil. (The curves for the water-soluble frac­
tions are not included because this fraction did not influence 
nitrate immobilization.) The whole soybean fractions did not 
immobilize nitrate, which corroborates the data on total 
Figure 8. Influence of various residue fractions from three 
residues upon nitrate accumulation with time 
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nitrogen immobilization. Figure 8 shows that the fractions 
of cornstalk and soybean straw residues immobilized appreci­
able quantities of nitrate because the curves representing 
these residues lie well below the check curves. It will be 
noted that immobilization of nitrate did not occur until 
after 3 days of incubation. This point will be discussed 
further in connection with ammonium nitrogen immobilization. 
The application of ammonium to the residue treatments resulted 
in no nitrate immobilization during decomposition of any 
residue or fraction; therefore, the curves for nitrate 
recovery on samples receiving ammonium nitrogen are not 
shown. 
The immobilization of ammonium nitrogen is shown by the 
curves in Figure 9* The curves for the whole soybean residue 
again are not presented because no ammonium immobilization was 
found in soils treated with this residue. Figure 9 shows that 
immobilization of ammonium nitrogen was greater where ammonium 
nitrogen was added with the residue than where no inorganic 
nitrogen supplement was made. The apparent difference between 
the amount of Immobilization where ammonium nitrogen was added 
and where it was not added was due, in part, to the method of 
calculating immobilization. 
Table 22 presents a portion of the data used in construct­
ing Figure 9a. Immobilization, as defined above, is the 
quantity of mineral nitrogen in a treated soil minus the 
Figure 9a» Influence of the various cornstalk residue 
fractions upon immobilization of ammonium 
nitrogen with time 
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Figure 9b. Influence of the various soybean straw fractions 
upon immobilization of ammonium nitrogen with 
time 
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mineral nitrogen in the check. For example, from Table 22, 
the immobilization of 14 ppm of ammonium nitrogen in 14 days 
in soil treated with unextracted cornstalk residue plus 
ammonium nitrogen is calculated by subtracting the 38 ppm of 
ammonium nitrogen found in 14 days in the check soil treated 
with ammonium nitrogen from the 2k ppm of ammonium nitrogen 
found in soil treated with the unextracted cornstalk residue 
plus ammonium nitrogen. The negative difference is called 
the quantity of nitrogen immobilized. The two positive 
values found in the lower portion of Table 22 indicate 
mineralization. 
The two unextracted cornstalk residue curves found in 
Figure 9a were calculated from the data in Table 22. The 
curve representing immobilization of ammonium nitrogen in 
the presence of unextracted residue shows what appears to be 
mineralization following a maximum immobilization at 3 days. 
However, this "mineralization" of ammonium is, in part, a 
reflection of the nitrification of ammonium in the check soil 
following 3 days of incubation. As a consequence, the term 
immobilization, as defined for ammonium nitrogen, is not 
completely valid because the quantity of ammonium "immobiliz­
ed" may have been immobilized or may have oxidized to nitrate. 
The unextracted cornstalk residue, when incubated in the 
presence of added ammonium nitrogen, immobilized ammonium 
nitrogen during the full incubation period, as shown in 
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Table 22. Ammonium and nitrate nitrogen found in check soil 
and soil treated with cornstalk residue and 
immobilization of the two forms of nitrogen* 
Treat- Ammonium N Nitrate N 
ment" 0 3 days 7 days Î4 days 0 3 days 7 days 14 days 
ppm ppm ppm ppm ppm ppm ppm ppm 
Total nitrogen 
Check 8 20 8 3 3 10 18 32 
C + N 51 54 47 38 3 10 18 34 
U 8 8 2 0 3 10 11 19 
U + N 51 48 34 24 3 11 18 36 
Quantity of immobilization 
U 0 -12 -6 
-3 0 0 -7 -13 
U + N 0 -6 
-13 -14 0 +1 0 +2 
*The complete data for all residues may be found in 
Tables 40, 4l and 42 of the Appendix. 
T^he treatment codes have been explained in Tables 5 and 
20. The N refers to an addition of 50 ppm of ammonium nitro­
gen as (NBt-^ SO^ . 
Figure 9a. When this result is considered together with the 
finding that nitrate was immobilized in the absence of 
additional ammonium nitrogen, but not when ammonium nitrogen 
was added to the incubating soil, it appears that ammonium 
was used preferentially by the organisms decomposing the 
residue. This finding was in agreement with results obtained 
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by Jansson (61). 
The preceding discussion applies specifically to the 
unextracted cornstalk residue, but similar statements may be 
made about all cornstalk fractions except the water-soluble 
fractions. This same discussion also holds for the corres­
ponding soybean straw fractions. 
Decomposability of Organic Additions to Soil 
Introduction 
Under the assumption that carbon dioxide evolution from 
a soil is a measure of the decomposition of organic material 
in that soil, a set of incubations were initiated to evaluate 
the decomposability of soil organic matter and of organic 
materials added to a soil. The rates of decomposition of 
organic materials in soil were studied, as were various 
factors which might affect the rate of decomposition of 
organic materials in a soil. 
Carbon dioxide evolution rates from different soil types 
Webster silty clay loam and Clarion sandy loam soils 
were used to study starch decomposition in different soil 
types. A 1:1 weight-to-volume mixture of soil and vermiculite 
was used in this study. The quantity of soil used was 50 g. 
A 2$ factorially arranged, completely randomized design 
was used. The factors were carbon, sulfur and nitrogen, 
which were added at rates of 4500, 1.6 and 500 ppm, 
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respectively. Following the application of the treatments, 
the moisture level of the soil-vermiculite mixture was adjust­
ed to 50$ of its water-holding capacity. Carbon dioxide was 
collected and measured periodically for 27 days at 27° C. 
The overall response of the Clarion and Webster soils to 
added sulfur was erratic as shown in Table 23. There was a 
tendency for the sulfur addition to increase decomposition on 
the Clarion soil, but an opposite tendency was observed on the 
Webster soil. The effect of sulfur, however, was not statis­
tically significant on either soil. It was concluded from 
this work that sulfur was not a required soil amendment for 
the soils used here, and therefore it was not added in 
subsequent experiments. 
In contrast to the insignificant sulfur response 
obtained on the Clarion and Webster soils, the addition of 
carbon had both striking and unexpected results. The addition 
of carbon to these soils increased evolution of carbon dioxide 
as shown in Table 23. The unexpected feature was that 
approximately 6% more carbon was evolved from the Clarion 
soil than from the Webster soil. 
Figure 10 shows that, in addition to the decomposition 
difference between the two soils, both soils showed a strong 
interaction between starch and nitrogen. This interaction 
was statistically significant at the % level. The probable 
cause of the interaction was that native soil nitrogen was 
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Table 23. Average total carbon evolved as COg from two 
soils during two time periods 
Treatment combinations* 
Time Soil None S N NS C cs CN CNS 
ppm COg-C 
14 days Webster 3 55 339 355 355 786 890 89 5 983 
Clarion 382 371 333 382 1081 863 1873 1933 
24 days Webster 437 420 Mf8 1119 1212 1436 1523 
Clarion k6k ¥+2 415 491 1463 1168 2299 2386 
T^reatments are coded: C = carbon as starch, N = nitro­
gen. S = sulfur. The listing of the symbol in the heading 
indicates addition of this element to the soil at the rates 
indicated in the text. 
adequate for decomposition of native soil carbon but was 
inadequate for decomposition of added carbon. When addi­
tional carbon was added to the soils, the native supply of 
available nitrogen in the Clarion soil seemed to be greater 
than the available nitrogen in the Webster and/or some 
mechanism in the Webster soil restricted decomposition. As 
would be expected from the higher total nitrogen content of 
the Webster soil, the response to added nitrogen was less 
with the Webster soil than with the Clarion soil. This 
differential response was evidence that some mechanism, in 
addition to availability of nitrogen, must be involved in 
causing a differential in carbon dioxide evolution between 
Figure 10. Influence of carbon and nitrogen additions 
upon carbon dioxide evolution from two soils 
in 2k days of incubation at 27° C 
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the two soils. 
The carbon dioxide evolution rate curve in Figure 11, 
which was obtained from the Clarion soil, is the typical rate 
curve obtained from most incubations involving a soluble 
carbon source added to a soil. The initial burst of activity 
is probably due to the rewetting of air-dry soil. Following 
a delay period of about 36 hours, the rate of carbon dioxide 
evolution from the soil treated with starch rapidly increased 
to a maximum rate of 1.65 or 0.72 milligrams of COg per hour, 
depending on whether or not nitrogen had been added with the 
starch. The rate of evolution gradually decreased after the 
maximum rate had been reached. 
Figure 12, which gives the rate curves for the Webster 
soil, is strikingly different from Figure 11. Figure 12 
shows that the initial burst of activity was present on the 
Webster soil, but while the soil treated with starch had 
greater evolution of carbon dioxide than that not receiving 
starch, the strong maximum in evolution observed with the 
Clarion was never achieved. The Webster rate-of-evolution * 
curve demonstrated why the total evolution values given in 
Table 23 were much lower than those obtained from the Clarion. 
Possible explanations for the carbon dioxide evolution pattern 
from the Webster are as follows : (1) The starch reacted with 
the soil colloids to form a complex making the starch rela­
tively unavailable to microorganisms. (2) The starch 
Figure 11. Hourly rate of carbon dioxide evolution from Clarion sandy loam 
treated with starch and nitrogen and incubated at 27° C 
Curve Treatments 
Check none 
C 4500 ppm C as starch 
N 500 ppm N as KNO3 
CN starch plus nitrate 
CHECK 
CLARION 
0 50 100 150 200 250 300 
incubation t ime-hours 
Figure 12 Hourly rate of carbon dioxide evolution from Webster silty clay 
loam treated with starch and nitrogen and incubated at 27° C 
Curve Treatments 
Check none 
C 4500 ppm C as starch 
N 500 ppm N as KNOo 
CN starch plus nitrate 
CARBON DIOXIDE EVOLVED-mg per hour 
o — 
o ui o bi 
' 1 1 
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decomposing enzymes were inactivated, possibly by complexing 
with soil colloids. Since the two soils used in this study 
were collected the same day and treated in the same manner 
prior to initiation of the incubation, it is unlikely that 
the treatment after collection of the samples prior to 
incubation could explain the difference in rate of carbon 
dioxide evolution between the two soils. The difference in 
rate of evolution between the two soils was evidenced also 
in the percentage of starch evolved as COg, as shown in 
Table 24. 
When the total carbon dioxide evolved in a given time 
period from the treated samples is plotted against the 
quantity of carbon added to the samples, the resulting lines 
have a positive slope. If these linear plots are projected 
back to zero evolution, an index of available soil carbon is 
obtained. Table 25 gives C-values calculated by developing 
an equation for the lihes obtained by plotting the carbon 
evolved as COg against the carbon added to the soil and 
solving the equation at zero evolution. The negative value 
thus obtained is called a C-value. 
Table 25 shows that both addition of nitrogen and 
lengthening of the incubation period reduced the C-value. 
These observations show that C-values are empirical and 
depend on the way in which the measurement is made. 
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Table 24. Percentage of carbon added to soil as starch that 
was recovered as COg during incubation 
Webster Clarion 
Treatment 14 days 2k days 14 days 24 days 
$ of added C recovered as CO2 
Starch 10 15 16 22 
Starch + sulfur (S) 12 18 11 16 
Starch + nitrogen (N) 12 22 34 42 
Starch + N + S 14 24 34 42 
Table 25» C-values for two soils calculated on the 
an empirical equation (Y = a + bX)a 
basis of 
Incubation Nitrogen Constants 
Soil period level a b C-value 
Days ppm ppm-C ppm-C 
Webster 14 0 355 .0958 3601 
14 500 355 .0958 3601 
24 0 437 .151 2894 
24 500 448 .220 2036 
Clarion 14 0 382 •151 2529 
14 500 333 .344 968 
24 0 464 .222 2090 
24 500 415 .419 990 
ay = 
the soil. 
ppm carbon evolved ; as C02, X = : ppm carbon added to 
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Effect of variable carbon and nitrogen rates 
To determine the effect that different rates of carbon 
and nitrogen had upon the G-value, a second incubation was 
initiated using four rates of carbon and three of nitrogen. 
The nitrogen was applied in solution as KNO3 or as (NB+JgSO^ ., 
and the carbon was applied as dry starch. The Clarion sandy 
loam was used, and the soil moisture was adjusted to 6% of 
the soil moisture holding capacity after the treatments were 
applied. The samples were incubated at 27° C. Table 26 
gives the quantities of carbon and nitrogen applied to the 
soil in the various treatments. 
A plot of carbon evolved in 2 weeks of incubation 
against the quantity of carbon added to the soil was not 
linear (Figure 13) but approached linearity where nitrogen 
was not deficient. The C-values in Table 27 were calculated 
Table 26. Applications of carbon and nitrogen to 100 grams of 
Clarion sandy loam to study carbon and nitrogen 
transformations 
Level of treatment 
Treatment 0 1 2 3 
ppm ppm ppm ppm 
Carbon 0 2025 4050 8100 
Nitrate nitrogen 0 iko 280 — —  
Ammonium nitrogen 0 iko 280 - -
Figure 13. Influence of carbon additions upon CO2 evolution 
in 2 weeks from Clarion sandy loam treated with 
various rates and forms of nitrogen and incubated 
at 27° C 
Curve Nitrogen 
1 none 
2 140 ppm ammonium-N 
3 280 ppm ammonium-N 
k l40 ppm nitrate-N 
5 280 ppm nitrate-N 
Ill 
3000 
2500 
a 2000 
1500 
1000 
500 
2025 4050 8100 0 
CARBON ADDED - ppm 
112 
Table 27. C-values determined on Clarion sandy loam treated 
with various rates of starch and nitrogen and 
incubated for 2 weeks at 27° C& 
Form of Nitrogen Carbon added Constants Calculated 
nitrogen rate as starch a b C-value 
ppm N ppm C ppm C ppm C 
0 2025 319 .221 1443 
i4o 4050 347 .289 1201 
280 4050 330 .334 988 
280 8100 330 .261 1264 
0 2025 352 .212 1660 
iko 4050 300 w
 
ro
 00
 
915 
280 4050 278 .386 720 
280 8100 278 .300 927 
%-values were calculated as described in the text from 
Y = z + bX where Y = ppm carbon evolved as COg and X = ppm 
carbon added to the soil. 
from the linear segments of the carbon dioxide evolution 
curves, i.e., the portions obtained under conditions of 
adequate nitrogen. In addition, some C-values were calculated 
for the nonlinear portion of the curves to give evidence of 
the variable nature of the C-values calculated under deficient 
nitrogen conditions. The evidence indicates that C-values 
vary with the nitrogen supply and also with the source of the 
nitrogen, being higher with nitrate- than with ammonium-
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nitrogen. 
As the rate of carbon addition increased, the percentage 
decomposition decreased, this decrease in decomposition may 
have been due to inadequate nitrogen in some cases (see Table 
28). When 280 ppm N was added, the percent decomposed was 
the same with 2025 and 40^ 0 ppm C as starch; but, at the 
lower rates of nitrogen, the percentage decomposition 
decreased as the amount of C increased. 
At the higher carbon rates, the increase in carbon 
dioxide evolution due to added carbon was greater where 
nitrate nitrogen was applied with the starch than where 
ammonium was the form of nitrogen applied. This interaction 
between forms of nitrogen and rates of carbon is evident in 
Figure 13. The apparent enhancing effect of nitrate on COg 
evolution may have been the result of reduced ammonium supply 
because of ammonium fixation. Two other possible explanations 
for the nitrate-ammonium differential effect are the acidify­
ing influence of ammonium sulfate, which would retard 
nitrification of ammonium, and the use of nitrate as a 
hydrogen acceptor. This last possibility would be especially 
important if anaerobic conditions in the soil resulted from 
the high carbon levels used. 
At the end of the incubation period, mineral nitrogen 
was found in all samples which received nitrogen additions, 
but quantitative recoveries were not obtained. The terminal 
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Table 28. Percent of added carbon evolved as carbon dioxide 
in 2 weeks when starch was incubated in Clarion 
sandy loam with various levels and forms of 
nitrogen 
Nitrogen treatments 
Carbon Ammonium Nitrate 
level 0 140 ppm 280 ppm 0 140 ppm 280 ppm 
ppm % % % 1 % % 
2025 22 32 35 21 37 37 
4050 12 29 33 15 33 39 
8100 9 19 26 9 26 30 
soil pH values indicated that those samples treated with 
ammonium sulfate averaged 0.5 of a pH unit more acid than 
those treated with nitrate. 
Soil acidity 
An incubation was set up to explore further the effect of 
pH on the observed carbon dioxide evolution differential 
between nitrate and ammonium treated samples. In addition, 
the influence of variable soil acidity levels on the C-value 
of the soil was investigated. 
Two initial acidity levels were selected. One was 
untreated Clarion sandy loam with a pH of 5*8, and the other 
was the pH attained by adding 148.2 mg of Ca(0H)2 to 100 grams 
of soil. This level of Ca(0H)2, when thoroughly incorporated 
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in the Clarion soil, resulted in a pH value of 6.8 after 1 
week of incubation. Starch was added to the soil to attain 
added carbon levels of zero, 2050 and 8100 ppm. Ammonium or 
nitrate nitrogen was added at a rate of 280 ppm as ammonium 
sulfate or potassium nitrate. 
At the high level of starch, nitrate treatment resulted 
in increased carbon dioxide evolution when compared to 
ammonium nitrogen treatment (see Figure 14). Ammonium added 
with Ca(0H)2 resulted in less total decomposition, as measured 
by COg, than did ammonium alone at 8100 ppm of carbon while 
the opposite effect occurred at 4050 ppm carbon. There was 
no clear explanation for the differences in C02 evolution 
observed between ammonium- and nitrate-treated samples. 
Table 29 shows a much lower recovery of ammonium nitrogen 
than nitrate in the presence of starch at the end of 2 weeks. 
The rate curves presented in Figure 15 showed that 
Ca(0H)g increased the rate of carbon dioxide evolution from 
the check soil. This increased rate was maintained through 
320 hours of incubation. The delay period characteristic of 
the rewetted air-dry soil was not present when Ca(0H)2 was 
added to the soil. Another unique feature in Figure 15 was 
the lower, delayed rate peak for the ammonium-treated samples 
in the presence of Ca(0H)2. There appeared to be no good 
explanation for either of the above phenomena. 
C-values were calculated from the carbon dioxide evolved 
Figure 14. Influence of starch, nitrogen and calcium 
hydroxide added to Clarion sandy loam upon carbon 
evolved as carbon dioxide in a 2 week incubation 
at 27° C 
Curve Treatment 
1 none 
2 Ca(OH)o 
3 N%-N 
k NB4-N plus Ca(0H)o 
5 NOÎ-N 
6 NO3-N plus Ca(0H)2 
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Figure 15» Influence of Ca(0H)g addition upon rate of carbon 
dioxide evolution from Clarion sandy loam treated 
with different forms of nitrogen and starch at 
the rate of 8100 ppm C 
Curve Treatment 
1 check 
2 Ca(0H)2 
2 
NHk-N plus Ca(0H)o 
NHk-N 
5 NOo-N plus Ca(OH)? 
6 NO^ -N 
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Table 29* Results of analyses made on Clarion sandy loam 
after Incubation for 2 weeks with various 
combinations of starch, nitrogen and Ca(0H)2 
at 27° C 
Treatments Measurements 
Total 
Nitroeen mineral 
Ca(0H)2 1% N03 Starch N%-N NO3-N N pH 
ppm ppm N ppm N ppm C ppm ppm ppm 
0 0 0 0 1 27 28 5.6 
280 0 0 171 31 202 5.2 
0 280 0 18 188 206 5.3 
0 0 0 4050 0 1 1 6.0 
280 0 4050 101 10 111 5.0 
0 280 4050 3 165 168 5.7 
0 0 0 8100 0 0 0 6.0 
280 0 8100 62 6 68 4.9 
0 280 8100 6 123 129 5.8 
1482 0 0 0 0 36 36 6.9 
280 0 0 151 39 190 6.4 
0 280 0 11 160 171 6.7 
1482 0 0 4050 0 0 0 7.1 
280 0 4050 81 15 96 6.3 
0 280 4050 0 154 154 6.7 
1482 0 0 8100 0 0 0 7.2 
280 0 8100 64 6 70 6.4 
0 280 8100 0 120 120 6.8 
from some of the samples and are presented in Table 31* It 
is evident that the addition of Ca(0H)2 to the soil increased 
the C-values. If the C-value is truly an index of available 
soil carbon, then this increase in C-value falls in line with 
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Table 30. Analysis of variance of total carbon dioxide 
evolution from a Clarion sandy loam treated with 
carbon, calcium hydroxide and nitrogen during a 
2 week incubation period at 27° C 
Source of 
variation 
Degrees of 
freedom 
Mean 
square Fa 
Carbon (C) 2 1387277 1016.22** 
Lime (L) 1 1296 NS 
Starch x Lime 2 5231 3.83* 
Nitrogen (N) 2 299364- 219.31** 
Starch x Nitrogen 4 107106 78.4.7** 
Lime x Nitrogen 2 4-377 NS 
C x L x N 4- 2100 NS 
Error 2Â 1365 
Total 35 
aNS, * and ** represent non significant, significant at 
the 5# level and significant at the 1% level, respectively. 
the above premise concerning the influence of lime on soil 
organic matter solubility. It is obvious from the data 
presented here that the acidity aspects of the C-value need 
further study. 
At this point, the following might be asked: What is 
the usefulness of the C-value? The C-value was proposed as 
an index of the available carbon of a soil. A measure of 
available or readily decomposable carbon in a soil would be 
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Table 31. Calculated C-values at two levels of CaCOHjg 
where 4050 ppm of carbon had been added to 
soil and incubated for 2 weeks at 27° C 
Ca(0H)2 Nitrogen Constants 
treatment treatment6 a b C-value 
ppm ppm C ppm C 
0 0 341 .136 2507 
NH^-N 317 .345 919 
NO3-N 276 
0
 
OO m
 726 
1482 0 393 .186 2113 
N%-N 415 .356 II38 
NO3-N 330 .363 909 
aAll nitrogen was added at a rate of 280 ppm. 
useful, for example, in accounting for the effects of storage 
of soil samples for testing, especially where nitrogen is to 
be measured by biological means. According to Birch (13, 14, 
15), the practice of drying a soil for storage tends to 
increase the decomposabillty of native soil organic matter. 
This increase in decomposabillty might in turn affect the 
balance between Immobilization and nitrification in a soil 
undergoing a biological test for available nitrogen. Data 
have been presented which indicate that the C-value may also 
be an indicator of the deficiency of factors affecting 
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decomposition of carbonaceous materials. 
It has been shown above that the C-value method of 
assessing available carbon is affected by variables such 
as length of incubation and rate and form of nitrogen. These 
variables should be controlled for the C-value to be useful 
as an index of the available carbon in a soil. 
Residue incubation 
An incubation was initiated to compare the decomposition 
pattern of an available carbon source like starch with a less 
available source, viz, soybean straw containing 0.68% N. The 
carbon content of the soybean straw was determined to be 
approximately Table 32 shows all treatment combinations 
and the quantities of nitrogen and carbon added to the soil in 
this study. During the initial soil analysis, the discovery 
was made that consistently 80% of the added nitrate was 
recovered from the soil with the gravity filtering procedure 
employed. All nitrate recovery data were adjusted for the low 
recovery. 
Carbon dioxide evolution was used as an indication of 
decomposition. The total evolution of carbon as COg during 
successive time periods is presented in Table 33» The major 
observation gleaned from the carbon dioxide evolution data 
concerns the effect of nitrogen. The addition of nitrogen 
seemed to cause the maximum rate of residue decomposition to 
occur at an earlier time. 
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Table 32. Additions to 100 grams of Clarion sandy loam for 
an incubation study using soybean straw 
Residue 
level 
Carbon 
added in 
residue 
N added 
as KNOg 
Organic-N 
added in 
residue 
Total 
added N 
C:N 
ratio of 
additions 
% ppm C ppm N ppm N ppm N 
0 0 0 0 0 -
140 0 140 -
280 0 280 -
0.5 ¥+00 0 30 30 147 
140 30 170 26 
280 30 310 14 
l 8800 0 60 60 147 
140 60 200 44 
280 60 340 26 
2 17600 0 120 120 147 
140 120 260 68 
280 120 400 44 
As mentioned previously, nitrogen immobilization and 
carbon dioxide evolution are correlated only during the early 
stages of decomposition (74). Table 34 gives end quantities 
of mineral nitrogen contained in the incubated soils at 
various time periods. The addition of nitrate to the soil 
alone seemed to retard the nitrification process. This was 
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Table 33. Total carbon evolved as COg from soil treated with 
soybean straw and nitrate nitrogen and incubated 
at 27° C 
Residue Nitrate Time • - weeks 
carbon* -N 1 2 4 6 
Parts per million of C evolved as CO2 
0 0 205 251 325 363 
140 191 232 300 347 
280 188 240 328 385 
4400 0 718 996 1327 1556 
140 770 1029 1196 1299 
280 688 1059 1081 1182 
8800 0 1016 1417 2007 2583 
140 1239 1725 2121 2364 
280 1196 1641 1993 2179 
17600 0 l44l 2037 2809 3705 
140 2015 2850 3675 4229 
280 2048 2932 3574 4024 
A^nalyses of the soybean straw show it contained 
approximately 44# carbon. The actual additions of straw 
were 0, 0.5, 1 and 2% of 100 grams of soil. 
evident from the values for both nitrate and ammonium with 
time; a mass action effect may have caused this. 
Maximum immobilization of nitrogen occurred at an 
earlier time as the quantity of nitrogen added to a given 
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Table 3^ » Average mineral nitrogen values with time as in­
fluenced by additions of soybean straw and nitrate* 
Treatment Form of 
Soybean Nitrate mineral 
straw -N nitrogen 
Length of incubation - weeks 
Ô 2 4 Z 
% ppm Parts per million - nitrogen 
0 0 N0o 4 42 56 62 
NHj^  2 1 1 0 
i4o N0r 
HHÇ 
14-1 166 184- 192 
6 15 10 4 
280 NOo 280 292 305 307 
NHj+ 2 32 28 7 
0.5 0 NO, 
NH4 
4 8 12 22 
6 0 0 0 
14-0 NO, 144 144 14-4 159 
NHjJ 4- 3 1 0 
280 NO, 280 281 289 296 
NHjJ 6 8 14 7 
l 0 NO, 5 4- 2 8 
ml 7 0 0 0 
140 NO, 
NHg 
14-1 109 122 122 
7 1 0 0 
280 NO3 285 24-5 262 254 
NH^  7 6 6 0 
2 0 NO, 5 0 2 • 0 
• NH£ 7 0 1 0 
i4o NO, 140 4-9 56 57 
NHjJ 6 1 1 0 
280 NO, 281 184 205 185 
NHjJ 7 4 3 1 
aNitrate recovery values were adjusted for 80# recovery, 
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level of residue increased. This same observation was made 
by Munson and Pesek (73) using a different scheme of 
experimentation. At the two high rates of residue addition, 
it appeared that maximum immobilization had not been reached 
in 6 weeks of incubation when no supplemental nitrogen was 
applied. Mineral nitrogen was present in all samples at all 
sampling periods except for the highest residue addition 
where no nitrogen had been applied. These results agree with 
the findings in other incubations reported here and also 
agree with the results of Broadbent and Tyler (30) who found 
nitrification occurring even in the presence of high hetero-
troph activity. 
The immobilizing effect of the residue treatments is 
apparent in Table 35, where the recovery of nitrogen after 
6 weeks of incubation is expressed as a percentage of the 
total nitrogen added. The percentage of nitrogen not 
immobilized increased as the rate of nitrogen application 
was increased at each residue level. From the data in Table 
35, it was evident that net immobilization of nitrogen would 
probably occur for a period considerably longer than 6 weeks. 
In general, the pH increased with immobilization and 
decreased with mineralization and nitrification. The 
potassium ion added with the nitrate would tend to neutralize 
the soil as the nitrate was immobilized; and, as the nitrate 
was formed, acidification would take place. Relatively rapid 
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Table 35. Total mineral nitrogen recovered after 6 weeks 
of incubation in relation to nitrogen added in 
amendment sa 
Residue 
level 
Nitrogen 
added 
all forms 
Mineral nitrogen 
recovered 
6 weeks 
Added 
nitrogen 
recovered 
$ ppm ppm % 
0 0 61 — 
0 140 196 89 
0 280 315 91 
o.5 30 22 0 
0.5 170 159 58 
0.5 310 303 78 
l 60 8 0 
l 200 122 30 
l 340 254 57 
2 120 0 0 
2 260 58 0 
2 400 173 28 
aThe included nitrate has been adjusted for 80# recovery. 
changes in pH were observed which were due, in part, to the 
low cation exchange capacity of the soil (12.5 milliequiva-
lents per 100 grams). The detailed pH data are presented in 
Appendix Table 46. 
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Soybean straw has been considered to be a carbon source 
of low availability and, as such, when added to soil, should 
result in less carbon evolved as CO^  than a readily available 
carbon source such as starch. Table 36 gives a comparison of 
the quantity of carbon evolved from soil treated with soybean 
straw and with starch at nearly comparable rates of carbon. 
The data in this table were taken from two different incuba­
tions, which should be evident from a comparison of the check 
values. Disregarding the discrepancy in check values, two 
features stand out. More carbon was evolved from the soybean 
straw than from starch where inorganic nitrogen was not added 
to the soil. This feature may be partially due to the 
nitrogen added in the soybean straw. As was shown in the 
water solubility study, a large proportion of the nitrogen 
in soybean straw is water soluble and presumably available. 
In Table 36, with inorganic nitrogen added, more carbon was 
evolved from starch than from the soybean straw. This 
would be expected if the starch was truly a more available 
source of carbon. 
Sinnrnflrv 
A series of incubations have shown the magnitude of 
influence which several factors had upon decomposition of 
organic materials in a soil. The quantitative measures were 
applicable to only the Clarion sandy loam used in the experi­
ment since it was shown that soil types varied in their 
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Table 36. Comparison of evolution of carbon as CO2 from soil 
treated with two different carbon sources 
Time of incubation - weeks 
1 2 
Type of carbon carrier 
Carbon 
level 
Nitrate-N 
level Starch 
Soybean 
straw Starch 
Soybean 
straw 
ppm ppm Parts per million carbon 
0 0 276 205 352 251 
140 232 191 300 232 
280 216 188 278 240 
4050-4400 0 625 718 781 996 
140 1119 770 1054 1029 
280 1218 688 1037 1059 
8100-8800 0 688 1016 977 1417 
140 1567 1239 1628 1725 
280 1671 1196 1843 . 1641 
potential biological activities. 
The first incubation set a standard pattern of decomposi­
tion that was generally duplicated in the whole series of 
incubations. When organic material was incubated in rewetted 
soil, an initial burst of COg evolution occurred, followed by 
a delay period of about 36 hours. The length of the delay 
period was affected by the treatments. The delay period was 
followed by a rapid increase in rate of decomposition in 
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treated soils which usually reached a maximum between 100 and 
200 hours after initiation of the incubation. This maximum 
rate was then followed by a gradual decline with time to a 
rate of decomposition only slightly greater than untreated 
soil. 
An index of available carbon in the soil was made using 
the approach used by Fried and Dean (4-7) for phosphorus. 
The C-value was calculated from the data in this series of 
incubations. The C-value was found to vary with carbon rate, 
nitrogen rate, form of nitrogen and calcium hydroxide addi­
tion. The C-value did appear useful as an index when compar­
ing soil types or types of residue additions. Additional 
work is needed to show the relationship of the C-value to 
soil nitrogen transformations and the influence of other 
factors such as moisture, temperature and sample storage. 
Sulfur was found to have little effect upon the rate or 
magnitude of decomposition in the soils used in this study. 
The application of CafOHjg to the Clarion sandy loam 
had a nonsignificant effect upon rate of starch decomposition. 
The liming material did seem to increase decomposition of 
native soil organic matter in the absence of added available 
carbon. There was a slight increase in immobilization of 
nitrogen in soils which were treated with Ca(0H)g as well as 
starch. 
A differential response to forms of nitrogen was 
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observed. Nitrate appeared to increase the rate and amount 
of decomposition of high rates of starch as measured by C02 
evolution. 
The addition of soybean straw as a relatively unavailable 
carbon source supported work of others in showing that nitri­
fication took place even in the presence of an active 
heterotrophic population. The time of occurrence of maximum 
immobilization of nitrogen was earlier in the presence of 
added nitrogen than in its absence. 
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SUMMARY AND CONCLUSIONS 
A field experiment was conducted to find the effect of 
crop residues on the mineral nitrogen status of soil. Quanti­
ties of 20 tons of legume hay, cornstalks, and soybean straw 
were applied per acre to produce effects large enough to 
measure over the experimental period. Sudangrass was grown 
as a test crop to absorb the mineral nitrogen, and the nitro­
gen content of the sudangrass was used as an index of the 
effect of the residues. The residues were applied in a 
separate set of plots in each of b successive years, and the 
yield of nitrogen in the sudangrass was measured on each set 
of plots in each of the first 4- years following application 
of the residues. 
The magnitude of release of nitrogen from residues in 
the year of residue application was proportional to the 
percent of nitrogen in the residue added. Residues having 
less than 1.2% nitrogen did not immobilize soil nitrogen 
over a full season. The release of nitrogen from residues 
containing 1.2% nitrogen or less was low in the first year 
after application, greater in the second year, and sometimes 
still greater in the third year after application of the 
residue. The residues having more than 1.2% nitrogen showed 
a gradual decrease in nitrogen recovery by the test crop over 
the k years of the experiment. Recovery of nitrogen the 
fourth year of the experiment was approaching the value of 
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30 pounds or less per acre for all residues. 
The percentage recovery of nitrogen from the residues 
was related to the original nitrogen content of the residues. 
A greater percentage recovery (28%) was obtained from residues 
containing 2.4# nitrogen than from residues containing less 
nitrogen. Very low quantities of nitrogen were recovered from 
the soybean straw by the sudangrass test crop (11#). Much of 
the unrecovered nitrogen was still present in the soil at the 
end of the 4-year period. 
In laboratory incubations, the water-soluble fraction of 
a residue had a marked effect upon decomposition during the 
first 3 or 4 days of incubation, but after a week or more of 
incubation, the effect of the water-soluble fraction on 
nitrate accumulation or carbon dioxide evolution was 
insignificant. 
The application of 2000 ppm of unextracted residue or 
the insoluble fraction of this residue to the soil used in 
this study reduced nitrate accumulation by 50# in a 2-week 
incubation. When supplemental ammonium nitrogen was added 
with the plant material, the accumulation of nitrate, as 
compared with untreated soil, was not affected; the 
immobilization of ammonium gave strong indication that 
ammonium nitrogen was preferentially used by the hetero­
trophic population which decomposed the residue material. 
The apparent preferential use of ammonium over nitrate also 
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occurred In some incubations in which starch was utilized as 
a carbon source. 
The application of calcium hydroxide to the soil used in 
these incubations to raise the pH from 5*8 to 6.8 did not 
appreciably affect the rate of starch decomposition or the 
transformation of nitrogen. 
A C-value was proposed as an index of available carbon in 
soil. The C-value was defined as the value of X at Y = 0 in 
the equation, Y = a + bX. The value of Y was carbon dioxide 
evolved (ppm of carbon) and X was the quantity of carbon (ppm) 
added to soil. The constants of the equation were evaluated 
from the experimental results, and then the C-value was 
calculated. The C-value was found to vary with rates of 
carbon and nitrogen addition, length of incubation, soil 
type, type of residue and soil pH. The C-value was considered 
to be useful only when nitrogen was not deficient for 
decomposition. Further study on the C-value is needed to 
make a final evaluation of its value as an index of available 
soil carbon. 
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APPENDIX 
Table 37. Average nitrogen yields from nitrogen-release plots 
Year of 
initiation 
Residue 
treatment 
Year of harvest 
1955 1956 1957 1958 1959 I960 1961 
Pounds per acre 
1955 Legume hay 159* 109 176 149 
1956 91 177 136 96 
1957 191 206 118 70 
1958 198 120 68 57 
Check 73a 4-7 78 80 63 42 45 
1955 Soybean straw 85a 62 101 107 
74 1956 36 68 97 
1957 68 87 75 56 
46 1958 
46 
93 69 % 
Check 6la 73 73 52 43 35 
1955 Cornstalks 109a 88 130 86 
85 1956 93 138 122 
1957 151 131 95 53 
40 1958 
58a 40 
81 77 49 
Check 71 67 52 39 33 
^Estimates based upon actual dry matter yields and percentage nitrogen 
attained in subsequent similar years. 
Table 38. Average dry matter yields of sudangrass from nitrogen release plots 
Year of Residue Year of harvest 
initiation treatment 1955 1956 1957 1958 1959 I960 1961 
Pounds per acre 
1955 
1956 
1957 
1958 
Check 
Legume hay 9210 
5590 
5090 
4470 
3460 
9740 
8940 
9290 
5620 
7190 
6050 
8310 
7600 
4040 
5910 
7340 
8220 
5010 
4760 
5150 
3580 
6000 
5280 
1955 
1956 
1957 
1958 
Check 
Soybean straw 6760 
4720 
4l80 
2520 
3100 
6890 
5430 
5590 
5130 
4980 
5280 
4890 
4460 
4150 
5970 
6790 
6000 
5000 
5160 
4230 
4500 
5890 
5150 
H 
vn 
0 
1955 
1956 
1957 
1958 
Check 
Cornstalks 7490 
4660 
4720 
4770 
2940 
7450 
8180 
7280 
5250 
4460 
5930 
6020 
4200 
3420 
5360 
6030 
6860 
4920 
3580 
4520 
3520 
5120 
44-20 
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Table 39• Influence of incubation time upon cumulative 
evolution of carbon as carbon dioxide from 
Clarion sandy loam incubated at 27° C for 
2 weeks8 
Treat- Cornstalks Whole soybeans Soybean straw 
mentb Tx T2 Tg Tx T2 Tg T^ T2 T^ 
Parts per million - Carbon 
C 153 229 339 142 213 284 120 197 284 
CN 147 224 317 126 202 278 120 175 273 
U 251 480 655 333 557 704 218 426 622 
UN 229 415 579 328 557 510 213 420 595 
I 186 382 579 207 420 568 164 3^ -9 524 
IN 175 371 557 207 415 584 153 322 4-97 
E 142 213 307 186 284 360 142 20 7 284 
EN 147 235 3^ 4 186 273 355 142 197 251 
R 202 410 617 295 519 672 175 34-9 601 
RN 197 382 557 284 519 672 175 355 601 
aIncubation times: Tj = 3 days; Tg = 7 days; To = 
14 days. 
T^reatment codes: C = check; N = 50 ppm of ammonium 
nitrogen; U = unextracted residue; I = water insoluble 
fraction; E = water soluble extract ; R = recombined water 
soluble and insoluble fractions. 
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Table 40. Influence of Incubation time upon recovery 
of nitrate nitrogen from Clarion sandy loam 
incubated at 27° Ca 
Treat- Cornstalks Whole soybeans Soybean straw 
mentt T0 T^ T2 T3 T0 T2 T3 T0 Tx T2 T3 
Parts per million - Nitrate-N 
c 2 10 18 32 0 8 21 32 0 11 18 31 
CN 1 10 18 34- 1 9 22 35 2 10 20 37 
u 2 10 11 19 1 8 18 37 2 8 8 14 
UN 4 11 18 36 2 8 20 40 2 8 16 33 
I 2 8 10 14 1 9 20 34 2 9 12 13 
IN 2 8 16 34 2 8 20 42 1 10 16 30 
E 3 12 20 33 2 9 20 33 2 10 20 32 
EN If 11 22 36 2 9 20 38 1 10 20 34 
R If 10 12 17 1 7 17 34 1 9 10 12 
RN 4 11 19 39 2 7 19 41 0 8 18 32 
&Incubation times: Tq = no incubation; Tj = 3 days; 
T2 = 7 days; and T3 = 14- days of incubation. 
^Treatment codes: C = check; N = ammonium nitrogen at 
50 ppm: U = unextracted residue; I = extracted residue; E = 
filtrate from extraction; R = recombined extract and 
extracted residue. 
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Table 4l. Influence of incubation time upon recovery of 
ammonium nitrogen from Clarion sandy loam 
incubated at 27° C 
Treat- Cornstalks Whole soybeans Soybean straw 
ment T0 Tx T£ Î3 T0 Tx T2 T3 T0 Tx T2 T3 
Parts per million - Ammonium-N 
C 7 20 8 3 8 12 8 2 8 12 7 2 
CN 50 54 k? 38 50 54 46 36 49 50 45 36 
U  8 8 2 0 9  1 4  1 7  9 8 8 2 0  
UN 52 48 34 24 52 51 55 44 50 48 32 21 
I 10 10 1 0 8 10 12 4 8 8 2 0 
IN 51 51 34 23 50 52 48 34 48 50 32 20 
E 8 14 9 3 9 14 8 2 8 12 6 1 
EN 51 55 48 39 51 52 45 36 49 49 44 34 
R  9 9 2 2 9  1 0  1 2  5 6 7 1 2  
RN 50 50 32 21 52 45 47 39 48 46 32 19 
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Table 42. Influence of length of Incubation upon recovery 
of total mineral nitrogen from Clarion sandy 
loam incubated at 27° C 
Treat- Cornstalks Whole soybeans Soybean straw 
ment TQ Tj T2 T^  Tq T^  Tg T^  TQ T^  Tg Tg 
Parts per million - Nitrogen 
c 9 30 26 35 8 20 29 34- 8 23 25 33 
CM 51 64 65 72 51 63 68 72 51 60 65 73 
U 10 18 13 19 10 22 35 k6 10 16 10 14 
UN 56 59 52 60 53 59 75 84 52 56 48 54-
I 12 18 11 14 9 19 32 38 10 17 14 13 
IN 53 59 50 57 52 60 68 76 49 60 48 50 
E 11 26 29 36 11 23 28 35 10 22 26 33 
EN 55 66 70 75 53 61 65 74 50 59 64 68 
R 13 19 14 19 10 17 29 39 7 16 11 14 
RN 54- 61 51 60 54 52 66 80 48 54 50 51 
Table 4-3. Influence of incubation time upon pH in Clarion sandy loam incubated 
at 27° C 
Treat- Cornstalks Whole soybeans Soybean straw 
ment T0 T^  T2 T3 T0 T2 T3 T0 Tx T2 T3 
PH 
c 6.2 6.2 6.0 5.4 6.2 6.2 5.9 5.8 6.3 6.2 6.0 5.8 
CN 5.8 5.6 5.6 5.3 5.8 5.8 5.6 5.6 5.8 5.7 5-7 5.5 
U 6.0 6.1 6,0 5.6 6.1 6.4 6.1 5.9 6.2 6.2 6.2 6.2 
UN 5.6 5.9 5.6 5.3 5.6 5.9 5.8 5.6 5.9 5.8 5.7 5.6 
I 6.0 6.2 6.1 5.7 6.2 6.2 6.1 5.6 6.2 6.0 6.2 6.0 
IN 5.8 5.7 5.6 5.4- 5.7 5.8 5.8 5.3 5.8 5.7 5.6 5.4 
E 6.2 6.1 5.8 5A 6.0 6.1 6.0 5.8 6.3 6.2 5.8 5.3 
EN 5.8 5.6 5.6 5.4 5.8 5.6 5.7 5.6 5.8 5.8 5.6 5.4 
R 6.0 6.0 5.9 5.6 6.0 6.1 6.0 5.8 6.0 6.1 6.0 5.9 
RN 5.6 5.8 5.4 5.1 5.6 5.8 5.8 5.4 5.8 5.8 5.5 5.4 
H 
vn 
xn 
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Table 44. Total evolution of COp in two incubation periods 
from soil treated with starch and nitrogen* 
Nitrogen treatments 
Carbon 
level 
Ammonium Nitrate 
0 140 ppm 280 ppm 0 140 ppm 280 ppm 
ppm C ppm C ppm C ppm C 1 ppm C ppm C ppm C 
1 week 
0 251 268 259 276 232 216 
2025 480 ro
 
619 494 734 721 
4050 573 871 975 625 1119 1218 
8100 685 939 1346 688 1567 1671 
2 weeks 
0 319 347 330 352 300 278 
2025 76 7 999 1043 781 1054 1037 
4050 901 1518 1682 977 1628 1843 
8100 1078 1873 2443 1084 2435 2711 
aThese are the basic data used in constructing 
Figure 13. 
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Table 45. Total carbon evolved from soil as carbon dioxide 
at 27° C during a 1-week and 2-week incubation 
with different additions 
Time of incubation 
Base Carbon 1 week 2 weeks 
added added Nitrogen treatments® 
ppm ppm 0 A N 0 A N 
Parts per million 1 0
 
0
 
ro
 
-C 
0 0 257 243 20 7 341 317 276 
4050 557 1065 1231 893 1712 1818 
8100 688 1624 1744 1108 2670 2883 
1482 0 489 319 246 393 415 330 
4050 729 1097 1130 1147 1856 1802 
8100 789 1327 1695 1253 2422 2703 
aA refers to 280 ppm of ammonium nitrogen, and N refers 
to 280 ppm of nitrate nitrogen. 
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Table 46. Effect of soybean straw and nitrate additions 
upon soil pH during incubation 
Treatments 
Residue 
Nitrate 
nitrogen Time of incubation - weeks 
ppm C ppm N 0 2 4 6 
PH 
0 0 5.9 5.6 5.4 5.3 
140 5.4 5.4 5.2 5.0 
280 5.2 5.4 5.4 5.0 
4400 . 0 5.7 6.1 6.0 5.6 
140 5.4 5.7 5.6 5.2 
280 5.3 5.6 5.4 5.1 
8800 0 5.8 6.4 6.3 5.8 
140 5.5 6.1 5.8 5.6 
280 5.4 5.8 5.7 5.5 
17600 0 5.8 6.4 6.1 5.8 
140 5.5 6.5 6.2 6.3 
280 5.4 6.2 6.0 5.9 
